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I. INTRODUCTION

One of the main difficulties in developing over water

AN

diffusion models is the lack of an extensive data base. The

Environmental Physics Group of the Naval Postgraduate School has

0

‘
.

sarticipated in several at-sea, coastal, transportvand'diffusion
experiments(Schacher, et. al. 1982). The design of the
experiments was such that diffusion data were obtained only
during periods of onshore winds. Thus, although the d;ta is
extremely valuable, only a limited set of meteorological -
conditions were tested.

During the diffusion experiments, horizontal wind
variability w=s determined over a much wider range of conditions.

. Since wind variaticns drive diffusion, these data can augment

direct diffusion measurements. These data are espeqially
valuable when one considers the high cost of field tracer
measurements. ‘

.The data have been obtained off the Califofnia'coast, at one
location in the Santa Barbara Channel and another north of Pt.

-

Conception. The northern ~o>cation is an open coastal area,.well
exposed to the prevalent north westerlies. The Chaanel location
is strongly influenced by surrounding land areas, as {3 readily
seen rromithe frequent eddies i{n the whole area. At both

locations, data were obtained during the Summer and the Winter,

an attempi being made to ootain data over as wide a range of

conditions as possible. The wind variability experiments were




/
/

run for nearly 24 hours a day, yielding over 400 hours 6f usable
data. '

The purpose of the work reported here 13 to determine the
proper parameterization to use to-bharacteéize the horiiontal
wind variabilitf. If we can correctly do this, it should
&ltihately iead to the correct parameterization for overwater
diffusion modeling. The measurements.were made at an offshore
;ocatipn, with a single set of sensors, 8o only the local
ﬁurbulence was‘determingd. The local turbulence is driven by a
number of forces, which must be considereqlin devélbping the
parameterization. "The obvious forces aré:

surface wind shear (U or Us)

convection (H or ws)

mesoscale activity

swell and yinq waves. ‘
The parameters shown in ﬁarentheses will bé described later in
this report. It may ;156 be necessary to have the atmospheric
stability (Z/L) as a parameter.

The lbéal measurements:are sufficlient to determine the
parameters shown in paﬁenthese;. The oniy way we have of
determining mesoscale activity is'througﬁ the times of occupencé
and'strength ofvthe’sea¥breeze eycle. Such an analysis is.an
impértant part of this report.

We have attempted.td determine affects due to swell and
Qind~wave heights. Hcwever, the quality of wave data was poor

and no usable results were obtained.




Synoptic data are available for the periods we are using.

‘This inrormétion is mostly useful for assessing the large scale
forcing that drives the more local conditionsf The
parameterization we develop must depend on local measurementsf

" Later studies of synoptic data could be useful {n developing a

predictive scheme.




II. EXPERIMENTAL DETAILS.

ﬁomplete descriptions of the experimgnts‘trom which these
Aata were obtained can be found in other reports (Schacher, 1981,
1983).' This section will contain only a brief description of
those details needéd to élaéiry the results présented'here.

Rough charts of the central California coast, showing the two
locations where data were obtained, are shown ip Figures 1.

At both locations tracer experiments were performed:in the.
vicinity of a fairly flat beach with several miles of'lﬁw profile
inland.te;rain. The majopity of the wind variability data was
obtained within 3-5 miles o; the Beagh; but some data was
obtained.at other nearby 1ocatiqns. Ne effects due to ship \
locatipn or motion havé been detacted in these data.lso
. these influences will not be qiscusséd in this report.

The data were obtained from the ship R/V Acania,. thch was
equipped with-a.complete suite of meteorological equipments so
_that the following data were obtained:
sea surface'temperature,
air temperéture (i7ft and 60ft), 7
wind speed and direction (17ft and 60ft),
Qewpoint temperature (17ft and 60ft),
micro-turbulence (hot-films at 60ft),
inversion height (aéoustiec sounder),
boundary layer structure (radiosonde),

wave height (observation estimates).
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Figure 2. Locaticns on the central Callfornia coast
where tracer experiments were performed and
wind variability data obtained, BLM-3,4.
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The low profile, narrow beam configuration of the ship is

such that ship influence on the flow is minimal. Also, data . L
obtained when the relative wind was from the aft where ship}
influence could be a factor have been rejected, and are not
included in these analyses.

The basic sampling rate for all temperature and wind data
was approximately ! second. Wind data weﬁe prqcesséd into 10 sec
averages and temperature data into‘one-half hour averages. The
10 sec wipd data were recorded in separate files. Every half
hour averages of all meteorological parameters were produced,
including calculated quantities such as water vapor mixing ratio,
Monin-Obukhov length, friction velocity, etc.

Since {t is difficult to unambiguously determine the
boundary 1ayer depth from acoustic sounder records in real time,
this parameter was only approximately known duringlthe erulise.
Accurate analyses, including the Eadiosonde results, were
performed at a later time and all results recalculated. It was
during the post-cruise anaiysis that rejection criteria were
applied, such as a bad relative wind direction, and a clean data
sat produced.

' A pendulum system was used to detect ship roll so that this
velocity component could ba removedAfrom the wind direction
results. Anaiyses of data with and without this correction
applied showed little difference in the results.

For the  analyses reported héfe, ﬁhe 10 sec¢ average wind data

were processed into means and standard deviatioﬁs for 1 min, 3

min, 10 min, 1/2 hour and 1 hour periods. Then, the 1, 3, and 10
7
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min results were each averaged over the same 1/2 hour periods and
- the bulk meteorological parameters averaged for those same
periods. This ylelded sets of mean conditions and 5hort and long
ternm average wind statistics over the same periods for airect
comparison purposes. It is these data that are presented in this

report.
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III. METEOROLOGICAL CONDITIONS.

Complete.descriptions of the meteorological conditions are
included in the former reports. As in the former section, the
desériptions‘included here are brief and presented in order to
clarify the results. Descriptions of the areas where’ |
theexperiments were carried out and local influence on the

meteorology are also included.

Ventura: BLM 1 and‘2

Ventu;a,lies wiﬁhin the Los Angeles Bight, an embayment
formed by the Santa Barbara Channel, Santa Monica Bay, and the
Gulf of Santa Catalina. Pt. Conception, the surrounding hil;s,
and the Channel Islands strongly affect the local flow and
produce conditions controiled by the interplay of numerous local
influences and mesoscale features which are typical of the '
general coastal area. The air flow in this area is qﬁite
different than over the majority of the California coast where an
air mass reaches the shore after a long over-water fetch.

Immediately to the north, the cocastline runs in a generally
east-west direction to Pt. Cdncepﬁion, which is approximately 50
miles away. The geographic features cause many effects, the
ma jor ones being:

1. The mountains %o the north act as a partial barrier to

the normal movement df air from the northwest.
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2. These mountains and the east:west orientation of the’

shore turn the wind to a westerly direction and produce a cémplex
pattern of eddies. |

3. The surrounding high hills contain the cool, moist
marine air. Only.infrequent, strong, synoptic air mass changes
displace the marine air.

4, Due to nighttime downslope drainage from the surrounding
hills, the diurnal land-sea breeze cycle'ié very strong, being

‘enhanced by the local topography.

Pismo Beacgh: BLM 3 and 4

Pismo Beach is approximately 50 miles north of Pt.
Conception, in a fairly -pen coastal area. Pt. Buchon, with 1000
to ZOOvaoot hills, lies immediately‘to the north, projecting
some S miles out to sea. The point 'influences thg local flow
Somewhat but the influence appears tb be slight.l Thénimmediate
1plandlhills are low, giving a weaker land-sea-breeze cycle than
near Ventura. The experimenté were carried out at the mouth of
the Santa Maria valley, which sieers the locallflow slightly.
‘The entrance to the valley at the beach 1ls approximately 8 milés
wide and the immediate hills on each side of the valley are only
one to two hundred,feet high, so their effect is small. The area
is representativé‘ot an open California region where air mass
. predominantly northwest flow with 5 long over-water fetch, and by
the land-sea breeze cycle.

' General Meteorological Conditions:

10
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During the Summer, the North Pacific semipermanent high lies
to the west of the area and controls.the synoptic séale flow.
Clockwise flow around the high produces northwesterlies along
much of the coast, with the local sea-breeze turning the wind
more westerly. The general onshore flow 1is ALded by the inland
thermal.trough which is created by overland'hééting. Strong
subsidence cr«ates the prevalent capping 1hversion and the
6ccasional passage of weak gbper lgvel troughs will dissipate or
lire ihe inversion for periods of 12-24 hours.

During the Fall, the building of high pressure in the Great
Basin causes frequent Santa Ana condition;. The pattern of"
storms and uppér level westerlies mcves further south breaking ug

thé summer pattern. Frdntal.paséage becomes more frequent and

the subtropical high becomes displaced or shrinks, resulting in a

break up of the marine inversion.

During the WLntér. frontal passage Eecomes much more
frequent and strong surface westerlies often foll&w the passage.
Santa Ana winds can still occur wheq the surface pressure Lﬁ the
Great Basin becomes sﬁfriciently high. Also, the Pacific High
and capping inversion can reform between frontal passége
occurrencés.

During the Spring, the storm pattern moves north, the
Pacific High again becomes the dominant feature. Cold'iows pasas
frequently, followed by strong westerlies.

When the synoptic pressure gradient {s wéak, loéal heating

plays a dominant role, producing the sea-breeze cycle. Heating

of the land during the day ;nduces convection, and the rising air
11

‘QSC“-

AT T ]

SOOSLRY

-...
AR

""",'
a4

> AT
N

%’

ey

LA \

AN

rr
B
.




CO A A ST

causes onshore flow, the sea-breeze. During the night the
situation, and flow, are reversed. The cycle is strong onlf when
solar heating i; atrong. Thus the cycle is more likely to be
present during the warmer months of the year and will be
supressed by clouds.

The foliowing are general desgriptions of the meteorological

conditions during the test periods.

BLM=-1 (September 1980)
The whole period was dominated by the Pacifiec high.. All

frontal aétiyity was‘to the north of California. The thermal low

over Mexico was not strong enough to produce a dominant onshore
flow. The surface pressure gradients in the coastal region were
weak, 30 that the local flow was dominated by the diurnal
land~-sea-breeze cycle; Low subsidence inversions were present
inder the dominant high pressure. Weak Santa Ana conditions can

occur under these conditions.

BLM-2 (January 1981)

The Pacific higﬁ was unusualiy atrong, producing a
mini-drought for what is normally the beginhing of the rainy
season for California. Frontal passages were again far to the
north. There was no well established onshore flow regime excépt
for a short period during 1/12-1/13 when the surface gradient in
the Southern Califrornia area increased. As before, the land-sea

breeze cycle should dominate, however, faibly persistent highs
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over the inland western U.S. s;rengthened the offshore flow 50

that periods of sea breeze were shortened.

BLM-3 (December 1981)

Synoptic scale‘teatures and associated West Coast flow
patterns were typical for this time of the year. Ar upper air
NorthfSouth ridgeline over the western states was the dohinaﬁt
feature and leq to generally weak surface pressure gradients offt
the southern California coast. The Mexican thermai iow,and
afternoon Sea breeze determined the'rlow asébclated with the
passagg‘ot a fast moving upper wave, and associated precipitation

ahd moderate northwest winds.

' BLM=4 (June 1982)

The synoptic scale conditions aﬁd result{ng precipitation
and c¢oastal wind regimes were atypical rof ﬁhe eaél} summer
season. The Meﬁican thermal trough should dominate this region,
with resulting light cocastal winds influenced.by the sea-breeze
duriné this period. Two upper level“troughs passed over the West
Coast during the period.4 The first (22 June) was a fast moving
short wave and the second (28-30 June) was a deep sysﬁem
associated with a ciosed low at 500 mb, which became nearly
stationary over central Caiifornia. Both systems had
considerable north-~south extent which ied to the southern
California surface pressuhe paﬁterns reflecting their passage.

This resulted in a greater than normal onshore pressure gradient
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‘and a fairly steady onshore wind, lacking the usual strong

land-sea breeze cycle. Hence, strong onshore winds occurred.
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Iv. PARAMETERIZAT[ONS;_

In this work we are attempting to| parameterize the wind

variance in terms of some easily used schemes based on local
meteorological measurements. We have lnvestigated the use»ot the
wind speed:.U; the friction velocity, Us, the convective hixing
velocity, ws, and a measure of stability, using the Monin Obukhov
length (10/L), and a modified PasquillrGifford class. This
section descfibes‘each of these parameters.

All of the parameters needed, with the exception dt the wind
speed,. require the surface layer scalihg parameters or the
momentum and heat fluxes. We deiermin these quantities from the
bulk-aerodynémic method, which uses fa rly easily measured
air-surface dirference: of wind, temperature, and moisture. qu
surface values, we measure the temperature and assume zero wind
speed‘and 100% relative humidity.

The quantities we wish to determine, and their relations to

the scaling parameters, are:

Monin-Obukov length, L = (T/kg)(Ux"/H), (1)
surface virtual heat flux, H = pCpF;ev*, (2)
and, convective mixing velocity(Kaimal, et. al.,1976)

we = [ (g/T) H/Z 1'/2. (3)

In these equations, T= absolute temperature, g= acceleration due
to gravity, k= von Karman's constant, p= air density, Cp-

specific heat at constant pressure, and Zi= the boundary layer
15




depth. Oy# is the virtual potential temperature scaling
parameter, .
@y = T + 0.0098Z + 0.00061Tq, (4)
where q is the water vapor amixing ratio.
- In order to.use these equations, the scaling parameters are
needed. For some quantity X, the relation between the' air and

‘surface values of X'and its scaling parameters is
Xz = Xg = (Xs/axk) [1n (Z/Zgx) = ¥x(L)1. (5)

25 is the:rohghness length and ¥ the stébiliﬁy correction
function to the iogarithmic profiie, which is normally written as
é tunction of L, as indicated. a is thé turbulence diffusivity
ratio. '

Self consistent constants and functions must be used in.
thesé equations if correct results are to be obtained. These
quantities have been>discussed at length in the literatu:e
(Businger,1973). For the.quantities used in this work and a
description of the iterative procedure used to obtain soiutions,
sse Schacher, et. al. 1982.

All of the above parameters are local variables, which
means that they can be determined_from locally measured
meteorological parameters (wiﬁd speed, air-sea temperature
di!rerengg, dewpoint temperature, ana inversion height). They
only account for turbulence which 1ls generated by shear and
buoyancy. Turbulence i3 also generated by mesoscale motions and,

ir this source makes an important contribution to the scales of
16




motion investigated here, our parameterization will only account

for a portion of the turbulence energy. This will be discussed.l

more ‘fully later in this report.

17




V. -THEORY.

.The following treatment is from the work of Hojstrup (1982),
Where he developes expressions for the turbulence iﬁtensity as
funétions of Us and ws. He considers the two sources of
turbulence we mentionéd in'the'previous section; shear production
and buoyancy production, models thgir contributions to thé
velocity spectra;‘and“integrates the spectra over the appropriate
freduency rangé to determine the velocity variances. ‘The
following will be a brigf description of the Hojstrup'treatment,,
refer to his paper for a more complete déscriptipnf'

The'horizontal,-tranSversg velocity spectrum has two
components

£S(2) = Ala)wa2 + B(B)UX2, . (6)

where f 1s the frequency, S(f) the spectral ihtensity, wr and Us
were described in the former section, and A(a) and B(8) are

.functiéns of the variables
a = £2;/U, B8 = £2/U. (7

The functions, A and B, were determingd by matching mo&el results
to the Kansas (Kaimal et. al. 1978) and Minnesota (Kaimal et.al.,
1976) data. A complete description in the methodology is

contained in Hojstrup (1981). Note that Hojstrup wrote the first
term of Equation 6 as a function of (-Zj/L) and we have cqnverfed

it to wa.
18




Upon integration of the spectral intensity; the velocity

variance becomes.

- 2

2 U
PR
(1+2.8 2/21)2/3

9 - 0'7 k2/3w*2 + 2-7

v
where k= 0.35 is von Karman's constant. _We use 0.35 rather than
the more conventional 0.4 in order to be consistent with the
calculations we made to determine Us and ws from our data. The

first term i3 normally written as
0.7 (-23/L)2/3 us. = . (9)

This clearly points out that the first term only contributes
during unstable conditions, wheq convection is present.

It i3 obvious that the first term in Equation 8 contaihs 2y,
through w#, because the strength.or convective mixing dépends on
the mixing depth. The second term contains Zy, through the ratio
2/%Zy, which is present to account for the decrease in surface
shear produced turbulence with height above the surface. The
correction.factor is 1. at tpe surface. Since our measurements
arg all within the surface layer, this factor may not be
appropriéte. However, for a very lcw inversion {t may play a
roll in indicating supression of turbulence at our measurement
height (20m). This will be explored later in the results section.

Values of this correction for various Z; are given In the

following table.
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Thus,

or,

where

Z4(m) F(Z4)

1000 0.926
700 0.896
500 0.859

300 0.777
100 0.476

ble 1. Correction ractors for shear produced turbulence

due to the presence of the temperature inversion.

Our results are the variances of the horizontal wind

tion, which can be simply related to the velocity variance

0

o2 = oy2/U . . (10)

hat follows we drop the height correction in the second term
uation 8. Also, we recognize that the overland sprectra

which Hojstrup's model was obtained probably do not

ately represent the overwater case we are dealing with.

the whole formulation reduces to

o2 = k23 (/2w cyua/m)?, (11)

- [ Cy (-23/L)373 » ¢y 1 (Ux/U)2, (12)

Cy and Cy are constants to be determined from the overwatet

20




data. Note that we have supressed the factor F(Zjy) in the Ux

term; we may need to add it later if it proves to be needed.
Both forms will be used in what follows. For simplicity we will
write Cy'= Cuk2/3. |

Note that what we have done at this point i3 to show the
manner in which the variance should depend on the scaling
parameters, and leave thé final form to evaluating the constants
.Cu and Cy from the data.

It may be convenient to write the scaling velocity as a

function of the wind speed and drag coefficient

Us = Cl/2y, (13)

Following Equation 5, the drag coafficlient can be written as

cl/2 . CN1/2[1- cyl/2e/k1-1 (14)

with the neutral stability drag coefficient
Cy'72 - k/ 1n(z2/24). (15)
For unstablé conditions(Businger.j973)
¥ = 2 1n((1+x)/2] » 1n((1+x2)/2] - 2 tan~'x + n/2, (16a)

with ' x= (1-15z/L) 1/4,

21
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and for stable'conditions

¥ - <4T(Z/L) | (16b)

At this point; the parameterization reduces to using the
stability (L), inversion height (Z;), wind speed (U), and
roughness lengthv(zo) or neutral drag coefficiunt (CN)Ito obtain
ﬁhe proper parameterization.

The roughness length, or the drag coefficient, over water
" depends on the wind speed through wind-wave interaction. We have
used the Kondo (1975) formulation in determining the scaling
#elocity and Monin-Obukhov length rrom‘our data. In what follon

we will use the Garrett (1977) tormulationé
103Cy = 0.75 + 0.067 U. (17)

Using a different formulation {(Garrett) for the subsequent

calculations will introduce a slight scatter in the results. The

two formulations are very close except at low wind speeds so

there.uill be little e!teét except in that region. At low wind
speeds the shear produced turbulence is a very small fraction of
the total so the formulation used is unimportant there. We now

have

(U'/U)Z - (7-5X10‘u - 6.7X10‘5 U) F(L)’ (]8)

22
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vwith
F(L) = [1<cy!/2 w/k]-2. | (19)

Obviously, this 1s not a closed form solution since L depends on
U. All coefficients were determined by an iterative calculation

when the data was obtained.

Rather than do another {terative calculation for the results

presented here, and in order to clarify the results, we calculate

F(L) using the old value of L and Equation 19. Representaﬁive

values of F(L) are given in the following table.

F(L)

/L U-1m/;ec U=10m/sec U=20m/sec
10 0.04 0.03 0.02
2 ' 0.31 ‘ 0.25 ' 0.20
1 . 0.52 0.84 . 0.38
0.1 0.93 0.91 . 0.89
0 1.0 1.00 ' 1.00
-0.1 1.04 1.06 1.07
-1.0 1.20 1.28 1.36
-2.0 1.28 1.39 1.49
'-10.0 1.58 1.87. ' 2.21

Table 2. Stability correction factor as a function of

wind speed and stability.
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Note that ¥ for stable conditions is given by -4.7 Z/L; The

range of conditions chosen in Table 3 is not realistic. At wind

speeds of 10 m/sec or higher Z/L will be near zero since the

air-sea temperature difference can never be large enough.for

buoyanecy to overcome shear production at these high wind speeds.
Equations 11 and 12 can now be rewritten as

2

%

-lc"(w J0)2s ¢ F(L)(7.5%10"% 6.7x10750).  (20)
W » a . ‘ '

where CV' - k2/3 Cw - 0.1497 .Cw.

y

0g° = [, (~2,/1)%/34 ¢ ] FCL)(7.5x107" » 6.7x1073y)  (21)

The first form i3 used for wa and U pabameterizations and the
second for stavility parameterization and for the effects due to
inversion height. Recall that we hay need to use'tﬁe inversion
height dorrection to Cy (sge equation 8) for low inversions.
Another form of Equation 21 i{s useful for examininglthe '
dependence on stability. It {s found by writing the term in

square brackets as
Cul(24/2)(-2/L)1273 + ¢y . o (212)

- 0f course, equations 21 and 21a leave both L and U as parameters,

stability does not appear as a sufficient variable.

.
'a

e v e
LR

We must reemphasize that none of the above addresses sources

of turbulence other than shear and buoyancy produétion.
24
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VI. DESCRIPTION OF THE DATA.

As will be shown in the following section, successful
parameterization of the wind variability depends on segmenting
the data Iinto wind regimes. Thelsituatiohs are different yhen
the wihd is dominatgd by synoptically dr!ven, ndrthwest flow or
by the sea-breeze cycle. The means by which the separation into
these two regimes is made is by examination of the Qind direction
records.

Figure 3 shows an example of a time history of the: wind
direction, w;nd speed, aﬁd wind direction standard deviation.

The full set orltime historieslis in Appendix A. 'Tﬁe dark.bars
‘on the graphs indicate when a stable onshore'tlog 1s'present.

All other periods of time are characterized by large variability
in both wind speed and wind direction. Note that tﬁe onshore
flow could be thq result of eitﬁer synoptic torging or a well
established sea-breeze. As can be seen from the strong diurnal
cycle in Figure 3, our data were obta;ned during peribds when the
sea-breeze c¢cycle was a major factor. In what tollowé. we divide
the data into cases where a well established onshore flow is
present (atationary) and when {t {3 riot.

The direction standard deviation rlgufes show two different
one—hour?aver;ges. One, open cirecles, are the oné—hour average
standard deviations over the hour preceeding the time shown. The
second, solid dots, are the averages of all one minute standard

deviations for that hour.
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In the analyses that follow, we will be dealing with the
following data | .
wind direction standard deviations: |

one-hour averages ‘

1/2 hour averages '

1/2 hour averages of 1min, 3 min, and 10 min averages
| that occur in that 1/2 hour

wind speed

wind direction

stability

1hversion height

convéctive mixing velocity

friction velocity (surface layer scaling velocity)

For the four operations, there are a total of 859 1/2-hour fliles
of these data. The volhminous printouts of these data are
contained in Appendices A and B.

There are rather substantial difficulties in interpreting
these data. What {3 needed i3 to have availlable subsets of the
data when thé conditions are well known and where a single ' 'C
parameter can be identified as the dominant factor {n determining
the wind variability. For example, one would like to determine
variability as a function of wind speed. The dependence may‘be
different for onshore or offshore flow and for different
inversion heights and different stabllities. Thus. one needs ¢ " .f
vs. U for an onshore flow and for an offshore flow case where the

inversion heights and stabilities are the same. Such clean data
26
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sub-sets are probably not a?ailable evan with the lapg; amount of
data being used here. In order to determine the dependences on
the individual parameters, one must look for self-consiztency
among the dependences found for various sub-sets.when more than
one pérameterlis a determining factor.

There are shipboard conditions which may'causefsome data to

‘be more unreliable than others. These conditions are:

ship underway
poor relati§e wind diréction
ship motion due to swells and wavgs;
Correctiohs for ship motion have been applied tolthese data and

found not to be é significant factor. If the relative wind is

from the stern of the ship, the data will be 'suspect.' These data

" have been removed from the results. Having the ship underway

while taking data should not be a problem unless signiffcant
additiongl ship mdtion {s involved. Als@, being underway allows
one to keep the Ship hgaded into the wind, which is an advantage.
Thus, the only data. we reject is for bad relative wind direction.
We define'ba& to be for tﬁe direcfién within 40 degrees of the
stern. |

Dividing the daﬁa into the stationary and non—statiénaryi
wind regime {s simple using Figure 3. By stationary we mean that
tﬁe one-hour average‘wind direction remains constant within about
40 degrees and the wind speed is fairly constant. These criteria
were used to determine stationarity, indicated by'the dark bars
on Figure 3. Note that stationarity only odcurs when the wind is

fairly strong and from a westerly to northwesterly direction.
28 ‘
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Weak winds are marked by large meander; _

The.ahalyses will focus on dependences on the wind speed,
convective ﬁixing velocity, and stability, with inversion height
and wind direction as important auxiliary paramenters. For
illustrative purposes we include Figures 4-6 here to show the
appearance of the data as functions of these parameters and héw
data for the various experiments compare. Not all of the data
are shown in order to consérve space. Each of the figures, 4-6,
show all of the 30 sec average data for each of the four |
experiments, The large variability that is normally present in
fluctuation data is evidént. Even though there is considerable
scatter, trends in the data and that there is consistency between
the variou$ cruises.are easily seen;' In what follows we will ﬁse
the term "variability" to mean the wind direction standa;d
deviation.

The léast wind direction variance occurs Jc¢r BLM-1. This
appears to be due to the conditions being more stationary during
this experiment since those data were obtained almoat exclusivgly
when there was a well established onshore breeze. This
restriction was not applied to the other experiments. For
similar conditions, all experiments show the same results. This
can be seen in Figure 7 where only datalobtained during
stationary periocds are plptted.

Plots of the variability verses the convective mixing
velocity divided by the wind speed, w#/U, are srown {n Filgures 5
and 8. w#/U is used because it {s the natural buoyancy variable

according to the ﬁheory presented in the former section. The
29 ' '
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plots show a clear increase in variability with the parameter

which suggests that convection plays a major pole in turbulence
vproduction. As we shall see in what follows, the dependence
shown (s probably almost entirely dqe to dependence on the wind
speed; 7

Whether convection plays a roll cén also be determined by
exahining-the dependence on stability. Dependences of wind |
variabilitiy on stability are shown in Figures 6 and 9. Figure 6
shows the 30 min and Figure 9 the | min average data for all
ekﬁeriments. One would expect the variability to be larger for
unstable conditions, and there is a slight indication of this in
the plotsz(eg; BLM¥3. 1 min average). However, it would be
.difricult to draw any conc;usions from these figures.

The range of stabilities encountered over water is small due
to the small air-sea temperature differences that occur. Thus,
stability dependence can be more €asily seem from the dependence
on 1n(2/L), u3ing the absolute value of Z/L. Plots cf this type
are'shown_in Figure 10. The figure shows the ! min and 30 min
average data for unstable and stable conditions for . BLM-3 and 4.
For both averaging times it {s appdrent that a‘dependgnce on
stability exists and that the tgrbulence i{s larger for unstable
conditions, aithough the e!?eci fs smali.

‘It is import&nt to establish which are the dominant

parameters to consider when developing the needed

- parameterization. Examples of how this was done are shown in the

wind direction standard deviation versus wind speed plots

presented in Figures 11-15, The parameters shown are
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ayeraging tihe.

onsho;e/btrshore flow,
stability,

_H*' .

ii‘ i ' '

Averaging time obviously {s an important parameteb,.which is
confirmed in Figure 11. There is about a 4-fold increase in
variability for a change in averaging time from 1 min to 60 min.

There is no apparent difference in the turbulence seen for
~onshore énd offshore conditions, Fiéure'12.

' We already discussed the dependence on stability. Figure 13
shows that the dependence is weak, only beihg marginally apparent
‘when blotting the dependence §n wind speed.

" The weak dependence onlstabillty leads us to reexamine the
dependence on the convecti?e mixing velocity, ws. As was
discus;ed above, Figures 5 and B.shdw strbng dependences on Q»/U.
1 this were due to was dependence, turbulence dufing stable
conditions 3hould be considgrably less than during unstable
~ because conﬁect}ve activity {s absent. This {s not the case.

We examine this further by sorting the data into cases where ws <
0.1 m/sec and cases for which it {3 greater. These data are
shown in Flgure 14 for BLM-2 and 3. No apparent dependence on ws
i3 seen. ‘Finally; we have plotted the dependence on ws directly
in Figure 15, for all eXperim;nts, for 30 sec averages. Again,
any dependence on ws i{s masked by other effects although BLM-1
does show a possible trend for those mostly stationary

cond{tions. In the next section we show a method for determining
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this weak contribution due to buoyancy production.

Since shear prodﬁced turbulence goes to zero at_low wind
speeds, the source of the large wind direction variability at low
speeds must be another mechanism. Our original explanation was
that the sbuéce is buoyancy but,'as can be seen from the
discussion immediately above, this seems not tq be the case.
Figure 15 does show that there is some ws dependence for BLM=-1
(turbulence was weak) and recall that mostly stationary
conditions were encountered for that experiment. Thus, the large
values of variébility at low wind speed are associated with
non¥stationary conditions. Non-statidnarity occured during
transition periods associated with the land-sea-breeze.cycle.

The forcing “or the cycle {s differential heating between the
land and the sea, which is a mesoscale process. In what rolloﬁs
we will refer to the low wind speed turbulence préduced by other
.than buoyancy as "mesoscale" production. No more détinitive

- description of this ﬁrocess is possible from these data.

The above discussion suggests that it méy be possiblé to
observe the dependence on ws dur;ng stationary conditions when
mesoscale forcing i3 weak. Figure 16 shows data for stationary
Qonditioﬁs, for- 1 min and 30 min averages, for BLM-1 and BILM-3.
BLM-2 and BLM-4 are not shown because the coincidence of
stationarity and unstable conditions (w»=0 for stable conditions)
seldom occured for those experiments. Note, the scales have been
chapged in these plots because the turbulence {3 much weaker for
stationary conditions.. It is apparenf from Figure 16 that there

is a weak dependence on wxs. We Qill 1se stationary conditions to
49
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examine ws dependence in the

The other parameter we

mixing depth (inversion height, Zj).

theory section, one can incl
on Z2/Z4 in the shear product
should not be included for t
is where these data were obt

it would be felt for low inv

following section.

wish to discuss specifically is the
As we inﬁlcated in the

ude a supression factor that depends

ion term. ' We feel that this factor

ined. If the factor is important,

rsion heights. Fortunately, there

were wide ranges of inversion heights during BLM-2 and 3, with

some very low inversions. W
inversion- was lower than SO0m
present these results in Fig
aﬁd its effects should be st
is appropriate. Figure 17 s
" factor should not be include

It i{s difffcult to obta
scatter plots of the type we

They are mainly useful for |

e have sorted'inﬁo cases where the
‘and cases where it was higher, and
ure 17. 50m is a very low inversion
Longly felt if the suppression factor
Lows no effect so we assume that

d in what follows.

in quantitative inrormationvfrom

have discussed in this section.

dentifying trends. 1In the next

section we present averaged
theory to experiment. We h#

above to guide the subsequen

da’a, which are used for fitting
ve used the general results discussed

t‘analyses.
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Dependence of wind direction standard deviation,

1 min and 30 min averages, on wind speed.

data is sorted into cases with the convective
mixing velocity below, circles, and above, dots,

0.1 m/sec.
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VII. PARAMETERIZATION ANALYSES

The various presentations of the data {n thé previous
section allow some conclusions to be drawn about the mechanisms
drivihg horizontal wind variabiliti and th; methndologies needed
to determine,the correct parameterization; Three mechanisms cén
be identified from the data, buoyancy and shear ﬁroduction as'
expected and a largey scale rorciné.‘which we a;sociate»with
mesoscalevprécesses. The following association between these
- production mechanisms and conditions can be used to separate the
processes- for purposes of developing the parameterization.

Shear production: Dominates at{hign wind speed,’
insignificant at low '
Buoyancy: Absent for stable conditiona,
decreases as 1/U |
Mesoscale: Large;f absent during stationﬁry
conditions

In the analyses th;t-tcllow‘we average all data that falls
within varions ranges of the parameter being examined. This
‘‘leads to considerable smoothing of the results, as can be seen (n
Figures 18. The upper graphs in Figures 18 show the average o vs.
wind speed results for all rour.expebiments, with data points |
plotted using a number that indicates the experiment. The lower
graphs show results averaged over all of the experiments, which is
the form used for the following parameteriiation analyses. The

first graphs show the degree of consistency that exists in the data
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and is therefore useful as an indicator of the quality of ‘the

results. | |

The figures also contain a print out of the results averaged
over all data, giving: the value or‘the parameter for the center
of tpat range, the number of points found in that range, the.mean
standafd deviation of the horizontal wind direction over thre
averaging period iﬁdicatcd‘(aigma), and the's;andard deviations
of the(d;ta about the mean sigmasT

éach set of graphs in whét follows contains captions
indicating the meteorological conditions, averaging tige, and
experiment during which the data was taken (total is the average
over all cxperihents). |

Figures 18 show ¢ vs. U, using the format describecd abdove,
for averaging times from 1 to 60 qin, The consistency between
the results for the various cruises is gobd, with a minor
ineonsistency occuring for BLM-' at low wind speeds. This effect
may be real because, as noted in the previoua section. conditions
when data were obtained for BLM=-1 were somewhat more stationary
than for the other experiments. The graﬁns indicate that it is
appropriate tb average over all cruises for the analyses. which
was the method used. |

The most difficult task is to seperate the weak buoyancy
dependence from the large contribution being made by mesoscale
processes. We do this {n two ways. One {s to determine the
differences in results for stable and unstable conditiona. The
other {s to determine the dependence on ws for stationary

conditiona where the large scale meander {3 mostly absent. The
50
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remainder of this section will be divided into subsections, each

dealing with a specific analysis and presenting the data used and

results rdr that analysis.
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MESOSCALE AND SHEAR PRODUCTION, x .

¢

N vs. U, STATIONARY AND NON-STATIONARY CONDITICNS

The contribution to the variability made by mesoscale

PR LA AN

processes is determined by comparing data for stationary and
non-stationary conditions. The shear production contribution is . E'Q:
determined from stationary, stable conditions. Plots o? '
stationary and non-stationary data are presented in Figures 19
and in Figures 20 for stable conditions.

Shear production is dominant at high wind speeds. Mesoscale

e \,‘.“.\'l ~ v \

rorcing w}ll be largely absent for stationaryyconditions and
. buoyaney production absent for stable conditions ..'Thus. we

averag2 the high wind data (the three nighest ;peeds) from

Figures 20 to obtain the shear production contribution. The

reaults are given in the followiqg table.

LRI

Tayelmin) <9.>(deg)

(A

10 2.1
30 2.5 R

60 3.0 | I .

Table 3. ‘Mean wind direction atandard deviations for . '? R
high wind speed (>9 m/sec), with stable and

stationary conditions.
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Differences in the variability for st;tionaby and
‘non-stationary conditions will yield only an éstimate of the
mesoscale contribution because it is not true that this
contribution is absent during the times we Judge to be
stationary, only that it is considerably less; Thus, the
procedure will tend to underestimate the contribution.. Also,
combinidg data fof stable and unstable conditions (Figures
19), mixes results for various values of ws; 1if the mean we are
not_the-same for statibnary and non-stationary conditioﬁs a small
error will be 1ntroduced¢

or cqursé, the shear production term must also be removed
from the data in 6rder to‘isolate the mesoscale pébduction, This
oceurs autdmaticélly when subtracting stationary and
noh*stationary results. It is also possible to 6Stain a good
estimate of mesoscale productiop by subtracting the shear '
production contribution frdm the non-stationary, stable results.
V.This method has the ad#antage that it giveg results at low wind
speeds, which cannot be done when stationary daﬁa; which exists
only at higher wind speeds, is used: In order to do this, the
shear contribﬁtion at all wind speeds must be known.

We have measures of sﬁear broduction at about 11 m/sec

presented in Table 5. We can use the second term of Equation 20,

oez(shear) - CU F(L)(7.5x10°4 + 6.7x1075U), (23)

to estimate the shear contribdtion_over a range of wind speeds.

This has been done and the results are presented in the following
58



table. We assume F(L)=1.0 .

ae(deg) for

Tave _Cn U= 0 3m/sac 7m/sec 11m/sec - 15m/sec

1 o;hs 1.1 1.2 | .1.u 1.5 | 1.6
3 0.74 1.3 1.5 1.7 1.9 2.1
10 0.90 1.5 1.7 1.9 2.1 2.3
30 1.28 1.8 2.0 2.3 2.5 2.7

60 1.84 2.1 2.4 2.7 3.0 3.3

Table 4. Shear production contributions to the wind
direction standard deviationvas funetions

of wind speed and averaging time.

The estimates of the mesoscale production contribution are
presented in Table 5. There are three ¢olumns of numbers for
each averaging time; They are calculated using the three methods
described above. Examinéiion of the table shows that subtracting
the shear production contribution rrom‘the non~stationary, stable
results leads to consistently higher values for mesoscale
production than do the other two methods. ﬁe believe that this
is due to the fact that the other two methods do not completely
seperate the mechanisms and, hence, we accept the higher values

as the most nearly correct.
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Figure 20. Means over wind speed ranges of the wind

direction standard deviations (sigma);

Comparison of stationary and non-statlionary

' conditions, stable only.
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BUOYANCY PRODUCTION,

SORTING o VS. U WITH wx,
STATIONARY CONDITIONS AND ALL CONDITIONS

The o versus U data have teen sorted into three conveétive
mixing velocity ranges: 0 < wx < 0.1, 0.1 < ws <0.3,,0f3 £ wa,
m/sec. This has been done fof Stationary conditions and for no
restrictions other than that ws exists, which meané neutral or
unstable conditions. The result; for stationary conditions are
shown in Figure 21, for unstable conditions in Figureﬁ 22.

Using'only stationary conditions data to determine the
buoyanecy contribution shonuld yield good results since mesos'ale
production is minimal. The results in Figure 21 are labeled with
a 0, 1, or 3 to indicate the ws range. The printed presentation
of the resaults is the same as for the former figures, except here
there are three sets df~data, one for each ws range. The results‘
presenﬁed in the figure are rather disappointing since the data
are not clearly seperated into ws ranges. This 1s probably due
to the fact that the mesoscale contribution {s not completely
" absent. However, the figure does clearly show that the
variability s ihcreased by convectiQe activity and that the
contribution dec;eases with increasing wind speed, as eipected
from the first term in Equation 20.

The estimated cantribution of buoyancy to the variability is

roughly

oe(buoyancy) * 5 deg at U m/sec.
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This valie appears to Be independent of the wind speed.
The results for sorting into the wx ranges, with the only

restriction being unstabl: conditions, are shown in Figures 22.'

This method is not a3 clean as restricting to only:stationary

data since th» =esoscale forcing is included. However, it is the
only way to obtain low wind speed data. If the mean mesoscale
forcing was different for the different ws ranges, errors would
be introduced into the results.

The results show that buoyancy production is apparent only
a, wind speeds below about 7 m/sec, with shear production
dominating above that speed, as expected.

The results are difficult to quantify with‘any‘accuracy,
allowing only an gstimate of the dependence on wx. The following
table gives our best estimate of the ws dependence from these
data. Note that the table only includes the difference in o for
Vi <'O.1 and wa 1 0.3 because we cannot estimate any finer scale

without inserting imagination into the process.

oa(w: 2 0.3) - ce(w; < 0.1) (deg)

U{m/sec) Tave~ _1m 3m 10m 30m 60m
<2 ' 3 4 ] ? 8

2<U<s 1.5 3 5 6 5

S<U<T 1 2 4 4 5

Table 6. Differences in the wind direction standard
deviations for large and small convective

mixing veloeities.
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BUOYANCY PRODUCTION,

%y VS. U FOR STABLE AND UNSTABLE CONDITIONS

Dividing the wind speed dependence data !-to unstable and
stable catagories allows another estimate of the buoyancy

production. Graphs and printouts of the data are presented in

Figures 23. Since the data are not segmented into ws catagories,

only the increase in turbulence due to buoyancy averaged over all.

wx values encountered can be determined. The following table

'1ists the differences in o for unstable and stable conditions.

oe(unstable) - oe(stable) (deg)

U(m/sec) " Taves " m ' 3m 10m 30m 60m
0.5 2.3 3.0 0.5 11.0 12.7
1.5 0.3 0.2 0.7 -2.1 11.0
2.5 0 g.1 -0.1 2.7 ~0.3
3f5 0.3 0.1 0.1 1.5 0.9
u!5 9.3 0.5 9.3 0.5 3.9
5.5 0.4 O.T 0.8 0.7 | 0
6.5 0.5 1.9 0.8 0 1.6
7.5 0.4 9.7 0.9 0.5 9.5
3.0 0.3 0.7 0.8 1.0 0.3

Table 7. Differences in the wind direction standard

deviations for unstable and stable conditions.
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el

These results are rather peculiar. The 10 min average

results at low wind speeds are anomously low (little buoyaney
contribution). Also, one would expect a smooth decrease with
wind speed, ﬁroportional to 1/U as in Equation 20. The decrease
seems much too rapid, and there appears to be a minimum around

2 m/sec. We have no explanation for these affects.

Another disturbing aspect of the data is that the lowest o¢
do not occur for stable conditions. Compafison'of these figures
with Figures 22 shows that the lowest o occur for unstable, low
wind speed conditions. For example, the valuies found in Figurg‘
20 and 21, for 1 min averages, 1.5 m/3sec, compared to Flgure 23

results are:

wa = 0-0.1 0.1-0.3 0.3+ ‘ instable stable
0g = y, 2 5.7 7.7 : 6.3 6.0
and for 30 min ave 3.5 m/seoce
wa = 0-0.1 0.1-0.3 0.3+ instable stable
09 - 8.2 10.0 11.8 . 11.0 9.5

The only conclusion that can be reached here {3 Lhat camparing
the unstable data to the stable can be very difficult because the
strength of the mesoscale forcing may be different for the

various data periods. This analysis relies on being able to take
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the differences between unstable and stable conditions to find
the buoyancey contribution, which can only .be dpne accurately {7
othe; production terms remain constant. Since we‘usé wind speed
as a'parametev,‘shear production automatically is subtracted
out.

Because of the‘abové mentionedldirriculties it is édv;sable
to have as lafge a wa contribgt;on as posSible for this method.
Thus, in Table 8 we present results for the same analysis, but
restéicting to walvalues greater than or equal to 0.3 m/séc from
Figures 22. There is some reduction in the numbér of data points
used, and resultant reduction in stapishicél validitf, but this
is more than compensated for by not mixing togethef a wide range

of ws values.
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9g(unstable) - cgy(stable) (deg)
U(m/sec) Taves m 3m 10m 30m 60m
0.5 3.1 4.0 1.9 8.0 -
1.5 1.7 2.6 2.3 . 1.4 13.3
2.5 1.1 1.0 0.6 1.5 2.3
1.5 0.7 0.5 0.7 2.3 2.9
N5 0.7 1.2 1.1 2.3 3.8
5.5 0.6 1.1 1.3 1.3 0.2
6.5 0.8 1.5 2.2 0.4 2.3
7.5 0.5 1.0 1.4 1.0 2.5
9.0 0.3 0.8 0.9 1.2 -0.3
11.0 0.2 0.3 0.1 -0.1 -
13.5 0.3 0.4 0.5 0.3 - 0.9

Table 8. Differences in the wind direction standard deviations
for unstable conditions with the convective mixing

velocity greater than 0.3 m/sec, and stable conditions
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BUOYANCY PRODICTION,

04 V3. Wy and o, vs. w,/U, STATIONARY CONDITIONS

Ideally, the dependence of the variability on buoyancy
should be determined directly from the dependence of ¢ on ws. AsS
has been pointed out above, this can only be done for stationary
conditions because the effect is obscured by mesoscale foécing
rop other conditions. Of course, restricting to stationary
conditions restricts the range examined to.low'wind speeds.

Also, it 1s difficult to seperate w# and U dependence for any
conditions since w» depends on the surface heat flux, which
depends on ;he wind speed. In'spite of all of this the situation
{3 not hopeless, és we have seen, and in what réllows we extend
the buoyancy analysis'one step further.

The dependences of o on ws and on wx/U are presented in

Figures 24 and 25, respectively. The mean wind speeds for the .

various ws and wa/U ranges are:

W <U> 10(wn/U) <UD
.15 5.9 .25 6.9
.25 4,3 .50 6.9
.35 6.0 .75 6.1
.45 7.4 1.00 4,8
.55 ' Q;l - 1.25 ' 3.8
mean 5. 1.50 3.0
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The mean wind speed is fairly constant over the ws ranges and
there 1s no systématic variation. The w#/U results have a
tactor of 2 monatonic change in méan wind speed over the factor
of 6 change in wx/U. From these results we conclude that the ws
dependence 1s not contaminated by wind speed dependence and that
it can be obtained directly from the plots in Figure 24, of
course, the results may only be valid for the conditions for
which the data were obtained, U - 6 m/sec. The wx/U dependence
from Figure 25 can also be used to find the dependence on wWx.
The dotted lines in the figures are theoretical curveé

derived from Equation 20.

o]

92'- Cy k273 (wx/U)2 » Cy F(L)(7.5 x 1074 + 6.7 x 1075 u) (20)

This equation was used directly to fit the wa/U curves in Figure
25, with U in the second term coming from a fit to the <U> data
presented'above. The wx curves, Figure 24, were filt with
Equation‘éo. using U = 5.9 m/sec from the mean U which waé found;

this gives

9g2 = 0.014 Cuux2 + 0.00114 CyF(L) (22)

We have assumed F(L)=1 in fitting theory to data and used Cy and

Cy as fltting parameters. The results for the parameters are
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Wwa results , wa/U results

Tave Suw. Lo S S
1m .35 U5 .25 U5
3m 1.1 0.9 0.7 1.0
10m 1.5 1.2 1. 1.0
30m 1.7 2.4 1.5 1.4

60m 1.9 3.4 1.4 2.8

Table 9. Fitting parameters for the dependence of the
wind direction standard deviation on buoyancy,

wa and ws/U.

Obviously,.the values of the parameters Cy, and Cy found~by
fitting the ¢ vs wx and o vs. wa/U data should be the same.
Table 9 shows some difference between them. The discrepency is
net surprising considering the use of mean wind speeds, F(L)<«<1.0,
and with there being some mesoscale production contamination in
the stationary data. |

In the next section we will reach the final parameterization
by fitting to the non-restricted data, so final discussions about

these results will be postponed until that point.
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STABILITY DEPENDENCE,

0 VS. Z/L

There is some question as to Qhethen sﬁability is a good
parameter for scaling overwater horizontal wind variability. In
what has gone before in this sect}on, we have analysed these data
to produce parameterizatidns for shear, buoyancy, and mesoscale
produced turbulence. The calculation of stability involves both
the momentum and ﬁeat fluxes, thus includes the first two
production mechanisms. Thus, examining stability adds nolnew
1ntormat¥on, but can be used to combine two effects into one
paraméter. In what follows we onl} examine stability as a
parameter, judgements as to its usefulness appear {n the next -
section.

Thiq analysis can proceed in two ways: one 1ls to produce a
parameterization for Z/L and the other is tc find Cy for'quation
21 using 21/L as the parameter. We do not take the second
approach since we are fitting using w» '‘as a parameter {in what
follows and Zi/L and w» are'directly related.

Plots of the variability as a function of Z/L (for Z=10m)
are shown in Figures 26. The solid lines through the avaraged
data ace the linear regression fits to the original data. We see
that the dependence on Z/L for unstable conditions is somewhat
steeper than for stable, but not nearly as much greatef as‘ohe
would expect. The results are mainly due to the dependence on

wind speed rather than on the surface heat flux (buoyancy). The
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parameters for the linear regression fits are presented in the

following table.

Ave Time Intercept Slope Correlation Delta Slope
1m *Z/L 1.8 0.6 0.36 0.07
1Z/L 2.0 R B 0.67 0.1
3m  +Z/L - 3.0 1.1 | 0.36 S 0.14
-Z/L . 3.6 -2.6 0.60 0.18
10m +2/L 3.8 2.5 . 0.43 . 0.27
-2/L 4.9 ~3.7 0.54 0.30 .
30m . vzZ/L 5.9 3.5 ~0.39 ©0.45
| -Z/L 8.9 -5.2 0.37 0.69
60m - sz/L 1.7 6.2 0.5 N
-2/L 1.0 -84 o0.48 1.22

Table 10. Linear regression fittiﬁg parameters for the
dependence of the wind direction standard
deviation on the stability parameter, Z/Lf The
correlation and the uncebtainty in the slopq are

also shown.

Even if Z/L i3 a good parametér for buoyancy and shear
production, it cannot be expeéted to parameterize mesoscale
production. Illustration of this fact {s shown in Figure 27,
where o versus Z/L i3 plotted for stationary conditions. The

ranges of the data {s small because stationarity does rnot
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¢oincide yith low wind speeds for these exﬁeriménts; The figure
clearly shows that o is significantly less for stationary
conditions due to the absence of mesoscale production. Thus, we
should not expect Z/L to correctly parameterize the variability
since 1t cannot account for mesoscale processes.

The assumption that stability parameterization cannot fully
account for the variability has been checked by sorting the Z/L
dependence into wind speed bins, see Figures 28. If Z/L were a
sufficient parameter the resglts would not show any wind spegd
dependence, The o versus Z/L data is sorted inrto three ranges,
0-2 m/sec, 2-4 m/sec and above 6 m/sec. The averaged data points
are labeled with a 1, 3, or 6 to indicate the wind speed range.
The lines are linear regression fits to the data fur the first
two ranges and the linear regression fitting parameters are
presanted in Table 13. '

| Figure 28 clearly shows that there is a significant
contribution to ¢ which cannot be accounted for by stability. ft
would be possible to use a scheue Qhere both U érj Z/L are
seperate (but not independent) parameters. This would not be
very satisfying, but Table 11 contains the'information tQ‘allow

one to do so.
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Unstable Conditions

| C £ 2 m/sec 2<U s Y4 m/sec U 2 6 m/sec
Ave Time Intercept Slope Inﬁercept Slope Intercept
1m +2/L 3.9 0.2 2.0 0.4 2
-Z/L 3.6 ;1;3 | 2.0 -1 2
3m +Z2/L 6.7 073 3T7 ' OTS 2
-Z/L 6.2 -1.9 3.7  -1.5 3
10m +Z/L 9.2 1.3 4.9 1.8 3
S o-Z/L 9.1 2.5 . 5.3 -2.0 4
30m +Z/L 0 14.7 1.0 8.5 '1;8 &
-Z/L  15.4 -3;14 9.8 2.1 4
6om  +z/L 21 9 6
-Z/L 25 -4 12 -5 6

" Table 11. Linear regression fitting parameters for the
depencsnce of the wind directiod standard
deviation on the stability parameter, Z/L,
sorted into wind‘sﬁeed ranges of ﬁ $ 2m,

2 2 U s 4, U2 6 m/sec.
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11‘3 min Rve::

L Total 1

3 e e ——
v L FY
- -

STGHA (deg

1 i | | PN NS § | - | 1
La—6 -4 . =2 9 2 5
7L

/L 3 SIGMA Std Dav,
-5.00 19 24.3 3.9
-3.59 8 18.8 19.3
-2.50 21 12.4 8.9
-1.75 21 11.2 8.9
-1.2 23 12.9 9.3
-, 75 64 5.9 4.5
-.25 218 5.8 4.5
.2 308 4.2 3.4
.75 33 7.5 7.7
1.2 2 5.7 . 3.7
1.75 13 5.7 3.4
2.50 19 3.3 5.7
3.50 3 19.2 14.8
5.00 - 11 13.9 14.8

INTERCEPT SLOPE CORRELATION °  DELTA SLGPE
r /0 3.9 2.28 .44 .23
- /L 5,17 -3.33 -.83 .27

(Figure 26. - continued)
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g 39 min Rv et
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-.29 209 18.2 12.7
.28 283 6.1 5.2
.75 28 12.2 19.5
1.35 19 it.4 9.9
1.7 9 8.7 S.t
2.%59 8 11.3 8.9
3.50 3 33.5 23.2
5.00 7 14.4 3.7
INTERCEPT SLOPE CORRELATION UELTA SLJIFE
+ Z/L §.04 2.37 .38 ' , L4
S 3.24 " -4.69 . -.38 61

" (Pigure 26. ~ contimned)
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SIGHA (deg)

=17

E B min 9\13
r[- Tota! ‘%
L »
59 | i
9
a
TN
40 E S
o ~, * 4
o . ™ %_ //
C \* + -~
20 b / .
T e #
: 3 H | S T S | 1 L
2 par 2 z 3 B
/L £ SIGMA Std Dev
-5.00 7. 44,8  21.8
-3.8¢ 2 - 83.3  31.2
-2.50 1@ 30.3 I1.8
-1.75 14 25.8  21.0
-1.25 12 6.1 26.5
-7 24 1S.5 12.1
-.25 92 1.9 12.8
.25 120 8.5 7.7
.75 18 14.5 8.7
1.25 8 4.2 §.4
1.7 4 12.3 8.1
2.5 2 138 20
3.50 1 (3.8 2.2
5.0 §. 35.6° 19.1
INTERCEPT SLOPE CORRELATION OEL.TA 5LOPE
+ /L 8.23 . 4.55 .48 .86
- /L 12.02 -5.78 - -.48 .97

(Figure 26. - continued)
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20 "
[ 1 min Hvej:
i Total 4
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19 |- pu .
- i 4 SORTINGT
o)) - . 4
o L 1 4
2 . 1
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3 I
L]
)]
2L
Z/L 3 SIGMA Std Dev
-5.0 10 12.1 S.8 ] 2.9 0.0 Q 9.9 0.2
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-1.8 9 4,2 2.8 12 4.1 1.2 2 2.2 2.9
-1.3 15 8.4 4.8 7 3.9 .9 0 9.0 2.2
-.8 18 4.2 1.3 47 2.7 1.8 Q 2.2 Q.9
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+ /L 3.89 .22 18 ' .26
- /. 3.83 ~-1.32 -.%4 L22
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+ /L 2.01 .39 .31 .29
- /L 2.04 -1.927 ~.44 .13

Figure 28. Dependence of the horizontal wind direction
standard deviation on the stability parameter
Z/L sorted into the wind speed ranges U s 2
m/sec (1), 2 < U S 4 m/sec (3), U 2 6 m/sec (8).
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ONSHORE/OFFSHORE INFLUENCE

One would expect that, all else being equal, the turbulence
would be labger for offshore flow due to enhancement by the
terrain and .the transition from the overland to the over water

regime. Here we compare onshore and offshore flow; the analysis

is not very reliable because only a small amount of offshore data

exiat and none of it is for high wind'speeds.

Variabilities as functions of wind speed for onshorse and
orr;hore flow are shown in Figures 29. The following table

presents the differences in ¢ for these conditions.

ag(offshore) - o (onshore) (deg)

U(m/sec) Tave . o __15_.. J0m _30m - _60m
0:5 03 3 fez s T
1.5 B 2.4 43 5.9 8.4, 4.8
2.5 | '~0.6 " -t1.2 -1.8 -0.8  -1.5
3.5 0 0.4 0 3.0 . 0.4
4.5 =0.1 -0.9 -1.3 4.3 RS
5.5. | 0.3 0.1 0.4 2.1 6.7
7.5 0.3 0.8 1,3 | 1.8 2.1
9.0 0.3 0.9 0.6 2.4 o

Table 12, Differences in the horizontal wind direction

standard deviations for onshore and offshore *low.
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The results in the table are not very encouraging. There is
a pattern of inéreasing averaging time and decreasing wind speed.
The percent differences are small and we feel that no attempt
should be made to take this effect into account unless ore is
near the shore. We do not have axiy near shcﬁre; 'ort‘shore flow

data.
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"REPRODUCED AT GOVERNMENT EXPENSE |

VIII. PARAMETERIZATION RESULTS.

The results in the brevious section show the wind direction
variability magnitudes that can be attributed to the three
production mechanisms, shear, bubyancy; and mesoscale processes.
We have shown that it is not possible to unambiguously separate
the mechanisms. We néw develope the parageterization by fitting
Equation 20 to the data, adjusting C, and Cy to find ﬁhe'best'fit.
This i{s done for all five averaging times, 1 min, 3 min, 10 min,
30 min, and 60 min.

The mesoscale process cannot be pérameterized with Cyw and
Cy, SO0 another term must be added to Equatiorn 20. We have seen
that the mesoscale influence decreases with increasing wind

speed, and we use

o (mesoscale) = Cps / uN

If N = 2, Cyg can be interpreted as the square of an effective
mixing velocity, equivalent to the convective ﬁixing‘velocity.
wa, and the friction veiocity Us. Understanding this new
velocity.is not easy, and here we only evaluate the new constants
with no explianation of their meaning. Figures 30 show the
theoretical fits to the o va. U data for stable, stationary,

and unrestricted conditions. Sorting on ws ranges of 0-0.2,
0.2-C.4, and > 0.4 m/sec 1s done for th~ latter two cases and the

values of the fitting parameters used are shown on the graphs.
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These particular conditions have been chosen because a) ws = 0

production is low for stationary conditions and Cy can be

determined, and ¢) the whole procedure can be checked for

unrestricted conditions. For each set of curves the parameters
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are evaluated by the following prpcedure:

Choose an initial value of Cy from Table 9.

Adjust Cpg and N to fit the low wind speed portion of
the stable dataf |
Adjust Cy to correctly fit the high wind speed portion

of the stable data.

Choose Cy from Table 9 and adjust to fit the stationary
data. _

The above procedures utilize data for whic¢h Cy = 0.

and Cpe = O, respectively. Now check the results by
checking the f1t that all parameters combined give to

the unrestricted data.

There are two fitting curves for those cases where Cy = O.
The lower one is for wa = 0.1 and the upper 0.5 m/sec. These
curves correspond reasonably well to the values of ¢ found for

the low and high was ranges, 0-0.1 m/sec and 0.4 m/sec¢ and

We have found that *the best value of N for the mesoscale
term {s N « 2. This i3 convenient since it may allow future
development of a model with a new scaling velocity. Such

modeling 1{s well beyond the scope of this report.
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' We have discovered during the course of fitting the data

that the short-time avarage results are strongly dependent on the

value of Cy while the long-time average results are not. This is

illustrated in Figures 31 where we attempt to fit the ! min and

60 min data with only slight changes'in the paraﬁeters; For the

1 min data, such fitting is not possible. The low wind speed
data can be fit by slightly raising Cpg, OC thé high wind speed
data by lowering N. Both ranées cannot be fit without including
Cy. The conclusion is that shear production is not important ror.
large averaging times, large scale processes doﬁinate. For short
averaging.times, shear proddction dominates at high wind speeds.

The formulation we are using to £fit the data takes stability
into account ihrough the term F(L), which we have assumed to be
1.0 to this point( Thia correction has ﬁeen applied and the
effect 13 illustrated in Figures 32. The figures use the
parameters deﬁermined above, and plot the theoretical resuits for
Z/L = -4, 0, and +4. For a ! min averaging time, the theory
predicts and the plots show supression of variability for stable
conditions and enhancement for un&table.~ The effect {s.
negligidle for a 30 min averaging time. Even for short averaging
times the effect is only noticible for high wind speeds, and
oversea conditions do not suppor? stabilit& far from nuetral for
high winds. Thus, we conclude that the stability correction is
not needed f~r the values of Cy, Cy and Cpq that correctly fit
these data and will continue to use F(L) ; 1.

The next section summarizes these results and discusses

thelr meaning.
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IX. SUMMARY AND DISCUSSION.
We have parameterizea the horizontal wind variability with

the equation
0g2 = Cy k2/3 (wa/U)2 + Cy(Us/U)2 + Cpg/U2. (23)
The three fitting parameters are functions of the averaging time

dsed to evaluate the variance. The values of the parameters are

given in the following table.

Ave Time Cu _Cu Cma
1 min 0.3 0.45 0.02
3 min 0.6 0.6 0.06
10 min ) 1.2 0.8 0.12
30 min 1.6 1.2 0.25
60 min 2.5 1.5 0.5

Table 13. Fitting parameters for .buoyancy, shear,

and mesoscale production.

Some care must be exercised in using the equation and

parameters. The following caveats apply:

1. These results are only applicable to the coastal,

overwatar regime.
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2. These results may be location specific (although two
reasor.ably different locations were utilized for data
collection).

3. The mesoscale production term was obtained by examining
data whep the flow was driven by a sea-breeze cycle. It

cannot be expected to apply to other conditions.
‘uf The mesoscale term must be set to zero, Cpe = 0, for

‘stationary conditions.

We have reasonable confidence that ﬁhe buoyancy and shear
production terms are transportable to other conditions and
locations. Thare may be some difZ:culty with the buoyancy term
because we cannot be sure that all mesoscale influence was absent
when it was determined, but {t's use as given should not‘lead to
Significant error, We have no confidence that the mesoscale term
is transportable. The effect {s large and we expe-t it to be
site specitict
| Flat terrain overland can often be characterized by an 0.2
power law relation for ¢ vs. Taye. We can easily check that
relationship for these conditions using the parameters presented

in Table 13. The results are presented in the following table.
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“1m 3m 19m 30m 60m

(T/T1)0-2 1.0 1.25 1.58 1.97 2.26
(Cu/Ce(1)1/2 1.0 1.8 2.0 2.3 2.9
(CyscgC1N1/2 1.0 1.15 1.3 1.6 1.8
(Cmg/Cams(1))1/2 1.0 17 2.8 3.5 5.0

Table 14. Compariﬁon of the|ratio of wind direction
standard deviation for buoyancy, shear, and
mesoscale production for variocus averaging

times with the 0.2 power law.

It is obvious that none of the terms follow the 0.2 power law.
Each term does follow a power law fairly well, with the following

exponents:

Buoyancy 0.27
Sheat 0.13
Mesoscale 0.38

The right combination of shear and buoyancy production can lead
to an 0.2 power law. Of course, depending on the conditions, any
value between the extremes shown!above can be found, or hon~power
law behavior. This indicates thai»there is a significant
difference in the shape of the turbulence spectra for flat
overland terrain and a coastal region, a not unexpected peéult.

|
It {s also possaible to parameterize the wind variability
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with the surface layer stébility; This parameterization was

want to reemphasize that Z/L can only be a good parameter for
stationary conditions, which restricts its usefulness to near
neutral conditiona; This {s dus 1o the inability to parameterize

The purpose of this work is to parmeterize wind variability
for us? in diffusion estimates and modelingf Fdr what types of
diffusion conditions are the results we have obtained applicable?
First; note that no detrending has been applied when determining
the stand;rd deviations reported heret This means that a given
averaging time's results contain scales of motion larger than L =
U Tave and a fraction of the variance s due to motioﬁs that
would not be considered to be turbulencef This is of nd
conaeqiience if one is interested in the total spread of a plume
during the averaging tinq; inecluding center of mass movement. If
one is attempting to predict pufr dispersion (relative diffusion)
then inclusion of large scales of motion can lead to incorrect
results.

Whether these results can de applied to puff dispersion or
not can be determined from Table ih; or by examining the curves
in Figurey 30. At U « 5 m/sec, the 1 min average: and 30 min
avérage standard deviaﬁions are abou: 2 deg and 5 deg,
respectivelyf I we assume that a slow turning of the wind
(meander) {s responsible for the variability, the ratio of the

standard deviations would be the ratio of the avecaging times.

13



EE DTS IERY.

DAY 'ONNREES Pr LA

(RPN W SRR

et .
AN LG

DY SAAXAARETYA

T

‘-, -‘ "a “- f'.f._l‘..

This would lead to a 1 min standard deviation of about 0.1 deg,
5caling to the 30 min average. Thus, the large 1 min standard

deviation can be ascribed to turbulence and will result in

. relative diffusion for puff sizes of the order of L - (5 m/sec) x

(60 sec) = 360 m. This conclusion is only approximate without
looking at spectra, but does give us confidence that the results
can be used for bothn puff and piume dispersion.

When using the results of this report to parameterize wind
variability one must first determine if the situation is
stationary; In this context, stationary means that there is a
well e;taplished.wind,Athat one is not in a land-sea-breeze

transition period. If it is stationary, Cpe = O and if

' ‘non-stationary the full Equation 23 or 20 1; used to calculate

the appropriate o2. |

We do not expect thesb results to apply far from a coastline.
In that case we expect Cpq = O;.however, we recommend that at-sea
dat§ be collecteq to verify this opinion so that a universal

parameterizatioq can be confirmed.
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Appendix A

WIND TIME SERIES

. The_following graphs are time series of the wind directions,
wind speeds. and wind direction standard deviations. . In the
.upper graphs, the dots are the wind direction and the length of
the bars attached to the dots show the wind speed. In the lower
graphs, the open circles are the one-bour average wind direction
standard deviationa, the dots the one-hour average of all 1 min
average standard deviationa that occured during that period.

A-1
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Appendix B

CROSS WIND SPEED FLUCTUATIONS, REGULATORY CONSIDERATIONS

This appendix follows correspondence from Steve Hanna to
Walter Dabbert, where he originally presented many of the
thoughts contained here. This appendix is included so that these
considerations will be contained with the data used and compared
to modeling we have done.

The cross wind speed fluctuations can be found directly from
the wind direction fluctuations from

taq s, = U oe .

The centerline concentration of a plume (Gaussian model) depends
inversely on o and a function of the downwind distance. Thus,
this parameter is of central importance in determining impact of
a pollutant cloud.

In the absence of measuring o directly, regulations specify
methods for its estimation. Clearly, estimating a small o
predicts a high concentration and large impact. Worst case will
be for low wind speed stable conditions. Common practice 1is to
estimate, Jor stable conditions, -that '

0y = 2{5 deg and U =« 1 m/sec,
from which one has, upon converting ¢ to radians,
oy = o.ou m/see.

This is a very low value, and it is 1nstructive to compare it to
the results contained in this report.
Our parameterization for ¢ can be written as

(er)2 = Cy k273 wa2 + Cyy Un2 + Cpg.

From this and the results for the parameters contained in the

- body of this report it {s a simple matter to compute values of Uo

for various conditions. Such results are contained 1n Table B-1

for stable conditions (wa=0).

, 0f course, there ils also considerable interest in the worst
case senario, which occurs for the minimum value of Us. We show

the o va. U data, as log-log plots in Figures B-1., On the plots

the straight line shows the minimum value of Uo observed. These

minima are also listed in Table B-1.
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Uag (m/sec)

. Model Prediction ‘Mimimum Observed )

" Taye U = 1m/sec 70m/sec Stationary All Cond.
3min 0.25 0,38 : 07 .07
10min 0.35 0.48 .06 .06
30min 0.50 0.65 .15 .09
60min 0.71 ' 0.84 A7 .15

Table B~1. Model predicted and @inimum observed cross
" wWind speed standard deviations.

Table B-1 shows that the observed worst case scenarios are far
"less worst" than that recommended for used by the regulatory
agencies. For one-hour average impact from a plume, Figures B-1
show that a sensible worst case scenario would be:

er(60m1n; worst case) = 0.2 m/sec.

The factor of at least 4 difference in the accepted and
observed worst case scenarios is significant. The reason for the
difference is undoubtedly the fact that the low value currently
used was determined during very stable, overland conditions.

Such conditions do not occur overwater. Of course, a factor of 4
underestimate of oy translates into a factor of 4 over estimate
of plume concentration.
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Appendix C

METEOROLOGICAL DATA AND HALF-HOUR 9g

The following tables list half hour average meteorological
data and the half hour averages of the average gy Over b

averaging times, and the 60 m average. Data is averaged over the
half hour preceeding the time 1nd1cated. The fcllowing are the
data included:

Code 1 « non-stationary, 2 - stationary,

24 inversion height (m)

Rel . wind direction relative to ship bow (deg)
WD .. true wind direction (deg)

10/L 10 m divided by Monin-Obukhov length

U C true wind speed (m/sec)
~Us friction velocity (m/sec)

we convective mixing velocity (m/sec)

horizontal wind direction standard

%
deviation (deg)

C-1




BLM~

9/23
1642 1
1717 1
1743 1

3/24
1137
1205
1233
1301
1329
1357
1425
1453
1521
1549
1617
1645
1713
1809

9/27
743
859
945
1913
10841
1138
1206
1234
1302
1338
1358
" 1425
1454
1522
1550
1618
1646
1714
1742
1810
1838
1306

3/28
1307 |
1335
1498
1438
1524
1532

= NN NANPN ~ o - e o o oo

NN —- — -

WNINNENNNONNNNNMNRNNNNNRNRN — < e -

3o
2602
260

330
380
350
350
340
330
302
280
260
240
250
260
279
290

280
340
200
200
230
230
220

200

2209
212
200
200
130
120
110
119
110
110
149
140@
169
169

210
200
169
140
129
120

METEORQLOGICAL DATA

1/2 hr AVE SIGMA THETA

Rel WD 19/ . U e ye 1 3m__ 1@m  30m  50m
357 258 ~-.425 4.8 156 .52S 3.8 5.3 .1 8.5
383 2587 -.507 4.8 .165 .554 3.0 8.8 .4 10.4
354 258 -.82% 4.7 162 .s8S 4.3 6.9 .9 9.1 9.3
S5 238 -2.38! 2.1 .073  .a44 4.6 7.9 .2 10.3
209 42 -2.554 2.1 .Q73 .469 5.1 8.4 & 12.9 13.2
36 236 -2.782 2.0 .068 .442 4.7 6.8 .9 19.1
18 227 ~-1.811 2.3 .,078 .448 3.7 6.2 .0 13.3 12.9
25 246 =~-2.967 1.9 .@965 .430 5.1 7.1 4 9.9
17 260 -1.666 2.8 .@93 .503 4.2 9.1 .3 9.6 11.5
4 283 -,748 .3.9 .13t .528 3.8 S.8 N 7.9
358 261 -.687 3.3 .133 .S06 4.2 5.7 .9 7.6 7.7
345 255 -.854 3.6 .123 .490 3.4 7.7 .5 8.8
333 253 -.513 4.6 .16 .53 3.t 5.7 .5 7.3 8.1
342 259 -.27% 5.9 .206 557 3.0 S.8 ] 8.8
342 266 -.209 5.4 .225 .582 2.8 4.1 .2 5.8 7.9
348 267 ~-.273 5.8 .200 .sSs8 2.8 5.5 N 6.5
349 276 -.853 7.0 .243 .392 2.3 4.2 .4 7.0
g4 45 -2.514 2.8 .09 .S62 3.5 4.8 .3 5.7 8.2
282 289 -1.712 2.3 .Q989 .S540 5.2 8.5 .1 8.7
278 270 -.SBi 4.6 ,158 .496 3.2 S.1 .7 6.2
283 287 -.744 3.9 ,132 .4B0 2.8 3.8 5 5.1 19.2
281 285 ~-.541 4.1 .138 .481 2.5 2.9 .2 5.4
23 27 -.377 5.1 175 .s098 2.3 5.8 .9 7.4
21 271 -.820 S.1 176 .523 2.8 4.3 .4 5.8 8.7
17 278 -.335 5.5 .19@ .508 2.8 4.8 .6 S.4
11 275 -.274 S.9 .207 .S535 2.8 4.2 .3 8.7 S.§
3 273 -.204 6.8 .28 .52 2.9 3.8 4 4.8
i1 274 -.180 6.5 .229 .499 1.9 2.8 .4 4.9 4.8
3p 272 ~-.119 7.6 .270 .512 1.9 3.2 .2 4.8
385 274 -.0988 8.3 .298 .444 1.6 3.3 .30 3.3 40
351 275 -.062 8.3 .337 .433 1.5 2.2 .5 2.5
381 276 -.@71 8.@ .28¢ .372 1.2 1.8 N 2.0 2.4
351 273 -.064 7.8 .274 348 1.5 2.7 2.8
347 274 ~-,059 7.9 .277 .341 - 1,2 2.9 7 3.8 2.9
342 269 -.074 7.4 .257 .341 1.3 2.0 .702.9
342 269 -.972 8.0 .282 .402 1.4 2.3 .7 2.7 2.8
344 270 -.1@ 7.0 .243 .387 1.8 2.7 3.2 4.1
348 268 -.147 S.8 .200 .378 1.6 2.7 4.8 2.8 3.8
343 2N -.158 5.8 .192 .372 1.8 2.9 3.8 3.1
25 235 -~1.774 2.0 .0B7 3220 3,7 8.7 8.2 11.a
15 230 ~-1.429 2.3 .@76 .33 3.4 5.7 §.8 8.5 10.3
14 248 -.935 2.3 .094 .32 2.2 3.9 4,7 7.8
21 253 -1.744 2.5 .,984 .347. 3.6 6&.! §.0 -85.3 7.7
11 256 -1.080 3.0 ,100 .333 3. 5.2 §.a 8.7
7 263 -.741 3.8 L1186 .342 1.9 2.8 4.9 S.1 7.9
C-2




BLM-1 METEOROLOG61ICAL DATA 1/2 hr AVE SIGMA THETA

Iime Code Zi Rel WD 19/L y Us  ye Im 3m__1@m__30m _EOm

1660 2 120 352 288 ~-.672 3.4 .11 (317 1.7 2.8 3.8 3.5

1628 2 140 347 255 -.532 3.3 ..106 .295 2.2 4.7 S.6 6.1 8.1

1740 2 120 342 286 -.582 3.t .1@2 .277 1.4 2.4 2.4 4.1

1808 2 118 335 281 -.48 3.5 .114 .283 1.3 1.7 2.0 3.3 4.5

1836 2 110 332 258 -.808 2.7 .e88 .253 1.7 2.2 2.4 3.8

19904 2 110 325 257 -1.147 2.3 .875 .248 1.6 2.4 3.4 4.7 4.3

9/29

1217 1 108 32 232 -z.195 2.4 .079 .316 2.7 4.3 4.2 5.1

1245 1 108 35 234 -1.758 2.2 .872 .2688 2.6 3.5 4.8 4.9 5.1

1347 2 9@ 33 258 -.485 3.3 .106 .247 1.6 2.6 2.8 2.7 4.8

141S 2 80 .32 286 -.427 3.5 .i114 .243. 1.3 1.3 3.8 . 3.1

1443 2 80 28 283 ~-.285 4.9 .129 .243 1.5 2.¢ 3.8 3.0 3.3

1511 2 7@ 21 254 -,896 4.7 .154 ,193 1.3 2.0 3.2 4.2

1540 2 &0 § 262 -.023 5.5 .179 .134 1. 2.0 2.2

1626 2 6@ 344 2688 -.053 4.8 .154 155 1.2 2.6 2.9 2.8

1654 2 S8 332 287 -.052 4.8 .149 .137 .t 1. 1.8 2.0 2.4

1722 2 Se 327 286 ~-.877 4.9 .162 .168 .9, 1.6 2.0 2.3

17%@ 2 4@ 326 274 -.079 S.4 .180 .17S5 1.1 1.8 2.1. 3.9 5.2 .

1818 2 4@ 331 285 -.086 5.1 .169 .169 .9 1.3 2.5 3.8

1846 2. 30 328 288 -.120 4.5 .146 .149 .9 1. 1.8 3.5 3.8

1992 2 30 322 287 -.113 4.3 .137 .13B 1.8 1.1 1.8
\
3
!i _
3
.\,
R
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BLM~2 METEOROLOGICAL DATA
Time Code Z4 Rel _ WD 1270 Y ys we in I 10m _JQm _ E0Qm
1/08 :
304 1 -1 191 1B .100 2.3 .@64 6.9 9.4 i2.0 2.3
1/@6
1185 | 3@ 214 283 .027 8.1 .200 3.2 6.2 120.0 ,
1226 1 ' 30 233 289 .28 6.1 .200 1.2 2.3 2.8 5.1 14.0
1358 t 30 5 298 .@74 5.8 .78 1.9 4.2 8.7 13.2
1425 ' 30 3 296 .98 5.3 .1583 3.3 5.5 5.8 9.4 1.5
1455 1 30 12 32@S .265 4.3 .118 2.9 4.7 5.8 7.8
1542 1 30 342 280 .733 2.8 .057 7.1 12.2 28B.8 25.8
1812 1 30 8 313 .205 5.4 .157 2.7 4.9 5.9 8.5
1642 t .30 350 29 .235 4.7 .132 . 2.7 4.7 4.7 6.7
1712 t 30 344 282 L1490 5.3 .159 2.7 8.5 §.8 7.4 8.5
1742 1 30 341 _ 277 .224 4.5 128 2.5 &§.,6 8.4 10.9
1812 t+ 3@ 343 274 L2772 4.9 137 2.3 s4.' 3.7 B.4 S.1
1842 t 30 354 288 265 3.7 . .11 2.6 8.1 11.2 20.7
1992 t 30 356 294 .474 2.7 .068 3.2 B.7 11.1 15,9 18.3
1942 1+ 3@ 77 29 -.762 1.6 .253 .100 5.2 9.5 14.9 21.3
1/07 .
1202 1 S0 25 161 -.304 4.7 .160 .282 1.5 2.8 4.4 5.4
1232 + 100 &7 157 =-.476 3.2 .104 249 1.8 2.4 2.5 3.8 5.1
1320 1. 10@ 83 208 -1.193 1.8 .058 .191 3.1 4.7 7.5 14,0
135@ 1 1920 81 235 -1.345 1.5 .052 .178 3.7 6.8 12.3 13.5 19.4
1420 1 100 S7 219 ~,927 1.8 .252 .IS5 3.2 4.4 7.3 '3.4
1459 1 1860 200 345 -1.27%5 1.5 .0S@ .167 3.9 8.1 14.3 @9.0 29.
1/09 : ' :
1149 1 100 276 276 -.S5@0 3.7 .122 .30S 2.3 4.8 10.0 12.3
1221 1 10@ 352 282 -.394 4.1 .134 .3 1.7 3.8 4.8 7.5 10.7
1309 1 190 340 278 -.342 4.1 137 .,293 2.1 3.4 3.5 4.0
1339 1 1080 348 270 ~-.253 4.5 .154 ,299 1.7 2.8 4.8 6.3 6.7
1409 1 100 352 283 -.230 4.7 .1S6 .292 1.9 2.9 2.3 3.4
1433 1| 100 353 281 ~-.213 . 4.8 .1s3 .279 1.8 2.8 3.1t 3.3 3.4
1599 1 100 351 282 -.145 S.0 166 .268 t.4 1.7 2.8 S5.4
1539 1 109 348 277 -.179 4,2 .136 .235 1.4 2.1 2.4 2.5 4.8
1609 1 100 347 274 -,243 3.2 .10t .193 1.8 3.2 3.3 4.3
1633 1 198 347 273 -.21@ 2.9 .31 .1§7 2. §.8 B.7 11.8 9.2
17909 1 i0@ 338 273 -.107 4.1 .131 19 1.8 2.2 2.8 2.7
1739 1 100 338 272 -.092 4.7 .154 .214 1.4 1,7 2.3 3.4 3.0
1888 1 18@ 345 278 -.@73 5.2 .179 .217 1.7 2.7 3.6 4.4
1713 A
852 ' 3@ 73 27 -.314 3.9 .129 ‘.18@ 2.6 8.7 10.2 12.8
348 1 3@ 74 355 -.186 3.0 .030 .@89 1.7 3.4 '5.8 15.0
1249 1 3@ 243 302 .986 3.3 .096 2.0 4.0 4.1 11,
1119 1 38 236 298 903 4.5 141 1.7 4.1 7.2 18.8 1.1
1233 1 3@ 345 294 .048 4.9 .152 t.4 2.7 2.9 3.1
1389 1 4@ 348 304 .934  S.4 172 1.4 1.9 2.8 2.5 8.7
1333 1 40 346 290 ..Q65 5.3 187 1.3 - 2.1 3.9 B&.6
1409 1 40 350 285 .288 6.1 .194 1.1 2.1 2.2 3.9 5.9
1439 1 4@ 345 282 L1190 8.8 17 1.3 2.t 2.8 5.5
1509 1 50 349 282 .08 5.8 .178 1.3 2.7 3.4 5.8 11.8
c-4

- AR A R RN ]

1/2 hr AVE SIGMA THETA




BLM-2 METEOROLOGICAL DATA 1/2 hr AVE SIGMA THETA
Lime Code Zj Rel Wwh 1974 Y Us __ we Im am_ 19m _30m _ 6Qm
1521 1 5@ 356 261 .81 5.1 157 1.1 2.0 4.5
1553 | 5@ 346 253 .056 S.4 169 1.3 3.9 5.1 7.0
1629 1 S@ 338 -242 .057 4.0 .120 1.4 3.4 3.8 5.8 8.5
1658 1 S@ 336 239 .33 4.3 132 1.4 4.1 5.6 10.6 -
1729 1 SO 349 241 .15 4.4 137 1.6 2.2 2.6 7.7 9.3
1/14 .
1130 1. 130 343 171 -.10@ 3.1 .09 .152 2.0 4.2 5.9 15.7
1200 1 100 27! 108 ~-.262 2.2 .@81 .121 2.8 22.8 31.7 0.0 46.4
1236 1 8@ 359 23@  ~-.253 2.5 .07% .137 s.1 6.7 8.1 10.4
1300 1 30 316 196 -.482 2.3 .@72 .16 4.+ 8.7 12,1 21.3 23.8
1330 ¢+ 70 269 199 -.833 1.8 .e58 .137  4.0. 5.1 6.4 6.6
1400 1 1@@ 282 193 -.576 1.7 .Q@S4 .138 3.5 5.8 8.4 20.3 15.7
1430 1 120 283 230 -.404 1.8 .057 .137 4.5 7.9 8.1 8.8
1500 1 1S@ 347 282 ~.234 2.6 .073 .17 3.4 7.8 8.3 22.0 22.7
"1/15 - o ‘
1441 1 1S@ 11 194 -.423 3.3 .106 .279 2.3 5.8 4.7 15.1
1500 1 200 19 220 .-.190 4.8 .160 .355 2.0 3.5 4.0
1552 1 200 S5 271 -.i187 4.0 .128 .284 2.2 6.4 11.9
1622 1 200 49 294 -,132 5.3 .176 .345 1.9 2.7 4.1 5.8
© 1652 L. 200 29 294 ~-.096 6.2 .210 .370 2.0 3.2 3.5 3.8 }
1722 1 200 46 285 ~-.102 S.9 .201 .362 2.1 4.4 4.5 6.2 6.5
/16
'938 | 390 346 355 -.814 2.8 .092 .415 i .2 .4 .5
1008 1 380 335 335 -.843 2.8 .089 - .404 2.4 5.9 5.3 9.0 12.7
1050 1 380 354 322 -.342 4.0 .130 .433 2,3 3.5 3.8 3.3
1120 1 370 1@ 327 -.460 3.5 .113 .413 2.0 4.5 5.4 6.8 5.5
1156 1 380 13 333 -.881 3.3 .109 .420 2.4 4.0 4.5 5.0 ‘
1220 1 380 16 341 -.701 3.1 102 .434 3.0 4.3 4.4 4.5 . 6.2
1250 1 380 3 339 -.791 3.1 .101 .446 2.5 4.3 4.8 6.5
1320 1 3806 360 331 -~.710 3.2 .104 .436 2.4 4.2 6.8 8.1 8.3
1350 1 340 1 332 -.922 2.8 .092 .412 .1 . 3 .5
1420 1 320 342 307 -.733 3.1 .1981 409 2.8 5.0 5.6 8.5 17.8
1520 2 330 346 298 -.170 5.3 .179 .452 1.5 3.4 4.8 4.2
1550 2 320 345 295 ~-.176 5.1 [.172 .434 1.5 3.2 2.8 3.5 4.1
1620 2 320 345 296 -.146 5.2 .175 .41§ 1.9 3.4 4.1 4.8
‘165@ 2 319 348 298 -.104 5.5 .186 .391 1.9 3.5 3.7 4.5 4.8
1720 2 310 343 293 -.@34 5.8 .194 395 1.4 2.4 2.1 3.3
175@ 2 300 342 288 - -.117 5.3 .1768 .38l 1.3 3.2 3.2 3.3 4.0
11820 2 3@0 358 302 ~.140 4.4 141 324 1.7 '2.8 2.9 4.8
185@ 2 290 352 296 -.173 3.8 .122 .298 1.7 2.5 2.7 4.2 5.4
1920 + 290 @ 303 -.226 3.3 .105 .280 2.7 4.2 6.3 5.7
1959 1 28@ 340 2768 -.531 2.3 .073 .2865 2.0 4.0 5.0 S.1. 14.9
2020 1 286 355 293 -3.304 .8 .032 .218 1.7 21.8 33.8
205@ 1 270 263 157 -2.035 1.3 ,044 233 6.0 19.4 13.5 19.7 75.2
2120 1 270 351 238 -.832 2.1 .@8% .27% 1.8 3.1 4.8 . 7.8
2150 1 280 14 272 -.207 4.0 .127 .317 1. 2.8 3.6 8.5 18.8
2220 ' 260 8 283 -.103 5.3 176 347 1.3 2.4 2.8 '4.5
2250 1 25@ 13 289 -.053 5.3 .211 .33 1.3 2.5 2.3 3.3 5.0




BLM-3 METEOROLOGICAL DATA : 1/2 he AVE SIGMA THETA

Iime Code Zji Rel wh 1974, V) s W Im In 1 @m 20m £3m

1448 1 333 .31 315 " -.203 4.5 .148 .397 1.9 2.2 2.4
12/08 :
1116 | 400 148 342 .@18 6.1 ,199 .9 1.7 2.8 4.9
11468 1 420 183 325 0.000 5.8 0.000 1. 1.8 2.t 2.8 6.8
12797 : :
748 1 100 78 45 1.188 3.5 .Q7@ 3.0 6.8 11.2 3B.8
818 1 8@ 288 135 24.4% 2.2 .005 4.0 9.7 17.7 18.9 35.7
‘848 ] 80 248 64 0.0200 1.4 0.000 2.5 6.2 8.8 13.3
12708
1109 1 S@ 70 231 Q2.000 3.4 3.000 1.2 1.3 2.4
1119 1 30 70 243 .600 3.8 .0%1 1.3 2.4 3.}
1129 1 30 68 244 .876 3.5 .979 - B 1.3
1138 1 30 2 244 5.975 2.4 .@20 8.2 1.4 85.1
1153 ‘1 30 63 306 33.87¢ 2.8 .00S 8.9 14,2 16.8
1209 1 3@ 72 33t S.118 2.5 .023 " 4.9 B.7 8.8
1219 1 30 40 319 2.5838 2.0 .028 4.2 1.0 23.1
1252 1 30 343 225 104.100 1.0 .gQ1 18.7 31.8 46.5 66.2
1322 + 3@ 30 255 103.500 1.5 .01 4.0 5.7 7.7 8.0 51.7
13532 1 32 18 287 1.581 2.0 .@35 1.8 2.9 3.t 7.2
1422 L. 30 10 2583 6.840 1.3 .Q14 2.5 4.r 5.6 8.1 8.1
1452 1 30 17 271 200.409 .9 0.000 3.7 5.5 7.9 11.9
1522 1 40 1@ 2685 19.168 1.3 .004 2.6 3.4 4.0 4.0 9.3
1852 | 6@ 344 242 235.7090 .8 0.000 © 9.8 21.9 29.9 40.5 ,
1622 1 80 24 302 @.000 !.1 Q.000 15.1 18.1. 23.8 31.3 42.0
1652 1| 100 344 253 0.200 .8 90.000 8.3 10.3 12.2 1G6.9
1722 1 130 1@ 292 @.000 .8 0.000 27.3 34.3 S2.6 §3.2 42.1
§752 | 130 308 228 0.000 .9 &.000 14.2 17.8 21.8 39.5
1822 1 130 284 158 ©0.900 1.5 Q.000 3.7 6.3 10.6 17.1 41.8
1852 1. 13@ 279 132 9.000 1.3 @.200 1.5 17.8 27.6 3i1.9
1922° 1 130 315 116 1.885 2.8 .033 3.0 3:7 3.7 6.8 23.9
1852 1 130 338 115 -.@21 2.1 .@61 .@64 2.4 3.4 8.7 7.0 :
2022 1 132 350 109 -.303 2.8 .87 .197 1.7 2.5 3.8 4.1 6.4
2052 1 130 334 1 -.237 2.6 .07% .184 1.6 2.5 3.1 5.5
2122 ' 130 295 B85 ~-.80% 1.6 .@53 .1Si 2.9 4.4 6.8 12.9 20.3
2152 1 80 354 146 -1.314 1.3 .045 .144 8.0 9.7 18.4 29.8
2222 1 125 44 208 -1.@71 2.1 ,267 .227 4.6 6.8 12.3 21.1 40.2
2252 1 160 6O 227 -2.232 1.9 .@6S .30S 4.8 7.4 9.2 18.5
2322 1 188 22 181 -5.216 1.3 .047 .304 8.9 11.9 15.9 20.t 27.7
2352 1 200 28 180 ~-2.77@ 1.9 .@B7 .384 4.8 6.9 9.2 15.1
12/09 - C
22 1 219 49 238  -.797 3.8 .128 .447 3.9 6.2 9.8 15.8
52 122 48 272 ' -.917. 3.4 112 .434 3.9 8.4 8.4 11.3
122 1 24@. 311 1S4 -4.400 1.5 .QS4 .365 17.8§ 29.4 37.3 50.3 37.1
152 1 220 183 358 -7.248 1.1 .Q44 337 8.5 1@.3 11.4 1B.1
222t 220 266 19S5 ~7.728 1.1 .243 .336 15.S8 27.2 37.4 1.3 70.1
282 1 220 339 199 -5.417 1.4 .0S1 .360 8.3 12.3 15.3 16.5
322 1 220 283 128 -3.98% 1.5 .@S8 .388 9.5 15.1 27.1 34.5 41.2
352 1 220 292 132 -3.728 1.7 .08@ .372 §.8 12.2 13.35 16.0




BLM-3 HETEORTLOGIC&L DATA 1/2 hr AVE SIGMA THETA
Time Code 7j Rel W 19/0 Y Ue W im 3m 10m __3Qm _ 6Om
422 1 250 29@ 11@ -1.733 2.5 .087 .433 4.7 7.2 9.5 14,1 18.5
452 1 250 313 123 -3.84@ 1.8 .065 .424 8.6 1.1 13.9 27.8
522 1 270 332 172 -8.891 1.1 .Q44 .387 3.0 11.4 12.4 15.2 32.9
S52 1 300 342 192 -11.920 .9 .36 .387 13.5 16.5 22.4 30.7
622 1 310 342 200 -2.72% 2.1 .Q71 .44} 9.8 17.1 28.1 B2.3 49.7
§52 1 350 17 234 -3.315 1.8 .Q62 .431 6.8 10.5 14.7 18.3
722 1 338 345 186 -2.617 2.8 .06 .434 §.0 10.3 15.9 33.3 36.!
752 1 320 331 112 -3.215 1.9 .865 .433 5.8 18.7 12.0 13.1
822 1 318 354 147 -4.025 1.7 ' .06Q .427 7.2 13.3 20.3 23.4 268.0
852 1 330 7 1M —i.sts 1.6 .053 .435 6.4 9.7 15.9 19.2
922 1 380 8 175 -2.287 2.4 .@81 .S@2 5.5 8.8 11.2 12.8 16.4
952 1 410 311 116 ~17.760 .7 .@31 .398 17.4 28.1 32.5 65.3
1022 1 S4@ 347 177 ~=3.414 1.7 .0S3 .480 14,9 24.4 31.1 43.8 B85.3
1052 1 S5Q@ 7 213 +.312 4.0 .130 .4B1 3.3 5.8 8.3 9.2
1122 1 540 352 198 +.242 4.4 145 .491 3.1 4.5 5.9 7.6 11.§
1152 1 58@ 355 197 +.503 3.1 .181 .445 3.0 4.4 5.9 9.4
1222 1 6ee 353 203 +.278 3.9 .126 .460 3.7 6.5 8.6 12.3 11.3
1252 1 61@ 336 176 -+.288 3.5 .113 .48 3.3 5.6 7.1 9.7
1322 1 830 333 172 +.280 3.6 .116 .432 2.1 4.2 sS.4 9.7 9.8
1352 L. 65@ 327 162 =+.313 3.5 .112 .435 2.3 4.3 5.5 7.1
1422 1 620 319 142 +1.304 3.4 .107 .40S 2.1 3.5 4.8 7.8 12.8
1452 1 58@ 297 111 -+.355 2.6 .081 .312 2.5 5.6 108.2 15.3
1522 1 520 235 *© 79 -2.364 .7 .025 .175 10.2 17.5 31.9- 41.8 35.0
1552 1. 470 225 61 +.174 1.5 .048 .141 2.3 3.8 6.5 11.8
1622 1 430 260 68 L1412 1.9 .0S4 1.5 3.3 S.1  B.1 1@.1
1652 1 360 261 75 .32 2.1 .@S3 1.7 3.4 5.3 8.2
1722 1 320 .281 8§ .088 3.2 .93 1.2 2.6 3.0 7.6 9.5
1752 t 25@ 327 1e1  +.812 5.3 171 187 1.5 2.7 3.0 4.2
1822 1 230 338 129 .+.037 2.3 .086 .121 2.6 3.5 4.3 8.3.15.5
1852 1 220 319 120 .002 2.4 .eMm 1.9 3.1 4.8 12.8
1922 1 210 316 107 .231 3.2 .ess 1.6 3.2 5.2 8.4 12.7
1952 1| 200 298 84 +.018 2.2 .065 .073 1.4 2.6 4.4 B.5
2022 1 190 322 128 .373 1.4 .037 5.8 7.0 8.7 .19.1 26.3
2052 1 18@ 25 213 .582 .8 .020 13.7 17.3 23.8 38.9
2122 ' 170 85 281 -1.084 1.4 ,047 .17§ 2.5 5.5 10.3 13.1 40.8
2152 1 17@¢ 278 115 ~-1.888 1.1 .@38 .174 5.5 7.5 9.2 23.2
2222 1 180 173 8 -2.880 1.8 .38 .189 4.9 S.9 7.0 9.2 25.8
2252 1 1S@ 227 47 ~.364 1.3 .062 .214 3.3 4.1 5.5 6.3
2322 1 149 233 &3 -2.130 1.2 .@43 .188 5.8 7.2 9.4 9.6 11.6
2352 1 140 166 14 -3.774 .9 .835 .189 §.1 8.3 10.5 12.0
12710 t '
22 ! 130 188 35 -2.437 1.2 .044 197 5.1 6.9 9.1 14,4
52 1 120 224 sS4 -l.os: 2.0 .065 .217 3.2 4.4 4.2 4.3
122 1 100 247 €3 +~.929 2.2 .@72 .215 2.8 3.5 5.2 9.3 10.3
152 1 '8@ 216 SB -}.355 1.8 .053 .187 4.5 ‘5.8 7.1 14.8
222 1 70 227 55 ~-.768 2.4 .@76 .190 3.2 4.2 6.4 B.5 11.5
252 1 S@ 193 48 -2.435 1.3 .@47 .153 15.3 17.5 20.3 27.1
322 1 4@ 1S7 .26 -1.937 1.4 .@43 .139 §.2 8.7 11.7 28.3 29.3
352 1 3@ 172 33 -2.601 1.1 .33 .10 5.6 7.2 9.7 11.0




BLM-3 METEORGLOGICAL DATA . 1/2 hr AVE SIGMA THETA

Time Code Zi Rel WD 1971, Y Y we m Im___10m __30m __ 50m

422 + 30 155 26 -1.664 1.3 .048 .112 5.3 6.8 10.2 22.5 18.9

452 1 40 231 te8 -.976 1.8 .59 .132 4.2 6.0 10.8 25.7

522 + 6@ 73 313  -.231 2.2 .087 .107 2.5 4.2 6.5 9.1 149.5

552 t 8@ 7@ 311 -.038 3.2 .098 .099 1.8 3.3 4.1 §.7

622 1 11@ Bt 315 .@32 4.t 125 1.8 2.3 3.1 5.6 6.0

§52 1 126 S8 315 -.962 3.8 .118 .153 1.5 2.5 3.9 8.5

722 1 1s@ 48 311 | .024 4.2 .128 1.6 2.2 2.3 4.3 7.1
752 1 170 4t 309 . .077 4.3 129 1.3 2.9 3.4 5.2

822 1 120 42 308 057 3.5 .106 1.3 2.0 2.3 5.2 8.2

852 + 120 253 133 ~-1.582 2.0 .@066 .25 8.6 18.8 37.3 55.1

922 1 120 287 160 ~-1.702 2.5 .083 .321 §.@ 190.2 23.1 38.8 S1.5

352 1t 128 325 27% -1.027 3.1 .1@2 .B7S 2.5 4.8 9.4 33.8

1022 1 120 249 122 ~-1.,550 2.3 .78 .579 2.2 3. 4. 7.5 26.2

1952 1 120 285 133 -1.391 2.2 .072 .53l 2.8 3.8 5.2 12.1

1122 1+ 120 53 1S5 =~-.879 2.5 .@79 .S500 1.7 2.7 4.5 8.2 14.5

1152 1 120 106 144 -.520 3.8 .095 .510 1.9 3.2 3.5 4.0

1222 1 120 184 187 -2.064 1.2 .043 .360 5.5 6.2 6.5

1252 1 120 178 173 ~-1.380 1.1 .@33 .28S 8.0 12.7 14.9 15.5

1322 | 120 203 143 -,200 2.4 .@72 .280 12.2 21.4 3t.6 44.2 37.1

1352 L. 120 2!6 47 .086 1.4 .041 9.6 9.9 14.8 20.4

1422 1 120 189 359 .338 1.0 .027 Lo11.2 14,2 20.58 S3.2 46.5

1452 1 @ 107 298 .430 2.5 .054 2.3 3.5 5.2 7.8

1522 | @ 122 327 .675 4.0 .095 2.4 -4.,0. B.2 14.8 18.9

1852 1 @ 133 345 1.375 3.5 .06B 1.8 2.6 4.5 5.8

1822 | @ 246 71 74.850 1.7 .002 4.3 5.3 11.4 15.4 44.5

1652 1 @ 214 47 0.00@ 1.1 0.000 6.3 10.4 16.4 22.7

1722 1 e 77 8 .746 3.3 .99 2.1 4.5 6.5 24.8 25.9

1945 | @ 173 177 .3687. 3.3 .103 2.5 3.1 4.8 5.l

2018 1 S@@ 308 3 .434 3.3 .100 2.2 3.8 7.1 1@.7 19.2

2045 1 500 340 29 .332 4.5 .123 2.3 4.1 4.8 9.8

2138 1 458 327 48 .487 2.4 .0S6 2.7 4.2 B.2 8.4

2208 | 400 302 40 .289 3.2 .085S 3. 6.5 6.5 8.8 9.0

2230 1+ 410 323 2 211 4.4 L1248 3.1 4.9 7.4 12.4

230@ | 420 308 350 211 3.7 .104 4.2 6.7 8.0 1.3 22.7

2330 1 430 g 338 .0S1 4.7 144 2.2 3.8 4,1 7.4

12711

) 1 449 B0 354 .18 4.0 117 1.7 2.8 4.7 .3

30 1 460 B 349 -.240 S.3 175 .31 1.7 2.8 2.7 3.5

100 1 460 49 8 -. 147 4.2 L1370 .37 3.4 5.9 7.3 18,1 16.2

130 1 480 31 2 -.179 4.3 .133 ,408 3.1 4.4 7.2 12.5

200 1 480 29 24 -.1990 4.5 .51 .451 3.6 5.3 7.4 1%5.5 18.1

230 1 500 1 43 -.19! 5.3 .178 .538 2.8 4.2 6.0 7.2

300 | 519 7 56 -.230 S.8 .1§7 .540 2.3 3.3 S.8 12.4 12.0

330 1 820 353 86 -.17' 4.5 .143 .440 2.3 2.8 3.2 B.S

400 1! S3@ 333 0 33 -.244 3.1 .Q@97 .327 3.8 4.2 5.8 7.1 15.5

430 | sS40 77 29 -.373 2.5 .@73 .308 8.9 13.3 20.2 22.8

5@ | 558 72 354 -.283 3.8 .124 .441 2.4 3.3 4.7 11.0 4.8

530 ! 549 4@ 353 ~.205 4.3 .14! .448 2.2 4.4 5.8 10.7

§@@ 1 5290 20 342 -.143 5.3 216 .61 1.7 2.6 2.7 2.8 12.2

c-8




8LM-3 METEOROLOGICAL DATA 172 hr AVE SIGMA THETA

Time Code Zi Rel WD 1@/L, y e we 1m 3m___ iQOm  3Qm _50m
630 ! 43@ 23 343 ~-.183 5.5 .18 .55@ ' 2.2 3.0 4.0 4.8
700 1 480 18 351 -.172 6.0 .203 .60 1.8 2.7 3.2 3.4 5.8
i 730 1 440 27 358 -.238 5.1 .174 .541 1.8 3.5 4.4 8.8
800 1 420 B! 39 -.70@¢ 3.4 .114 .500 4.7 7.2 8.5 14,3 24.2
830 1 380 333 295 -2.553 2.0 .068 .447 5.9 7.4 7.1 13.7
99@ )} 360 112 S4 -1.724 2.8 .06B .385 .7 8.2 8.5 9.0 1.9
930 1 300 221 188 -1.606 2.1 .@70 .3BS 4.7 9.8 10.5 24.5
1000 1 230 13 99 -1.980 1.9 -.@065 .332 5.4 9.3 7.3 19.9 33.8
1030 1 200 214 182 -2.373 1.8 .06 .291 6.0 6.4 8.3 10.0
1100 1 200 261 144 -~4.352 1.1 .040 .,255 23.7 33.2 35.0 47.4 38.9
1130 | 20@ 342 228 =-2.237 1.5 .@es3 .267 6§.5 8.1 3.8 12.8
12080 1| 200 357 254 -.845 2.4 .076 .279 3.3 4.3 4.9 7.5 18.5
1230 1 200 24 248 -.251 4.6 .151 368 2.3 8.8 12.5 18.3
1300 1 200 348 267 -.189 4.6 .151 .323 1.9 2.6 3.0 3.2 16.1
1330 .t 200 358 2687 ~-.181 4.0 .127 .278 1.9 2.7. 3.3 3.8
1400 1 200 359 289 -.143 3.2 .125 .258 1.6 2.6 3.1 8.3 7.9
1430 1 200 358 281 -.086 4.3 .138 .235 1.7 2.2 2.2 2.4
1500 2 2080 @ 2% -.984 5.3 .194 131 1.6 2.3 2.4 2.5 5.1
1630 2 200 357 28S .Q05 7.9 .234 1.6 2.t 2.3 3.8
1600 2. 200 355 282 -.087 7.4 .255 .192 1.6 1.9 2.0 2.3 3.2
1630 2 208 356 285 -.Q08 7.7 .287 .207 1.8 2.8 2.2 2.5
1657 2 200 | 288 ~-.005 7.7 .287 .180@ 1.4 1.9 1.3 2.3 2.8
1724 2 200 387 292 -.0@¢5 8.4 .293 .193 1.5 1.8 1.8 2.5
1781 2 200 2 293 -.004 7.7 .2684 .173 1.6 2.8 2. 2.2 2.3
1818 2 200 1. 295 ~-.006 6.8 .238 .183 1.8 2.2 2.5 2.7
1845 2 200 . 3 298 .03 5.8 .188 1.8 2.2 2.3 2.4 2.9
1912 2 2090 19 308 .009 4.5 .144 2.9 3.1 3.5 4.7
1938 1 200 334 282 -.126 2.5 .088 .158 5.8 12.5 22.8 58.3 46.1
2006 | 200 185 92 -1.985 2.5 .9080 .318 2.1 3.7 3.6 4.4 °
12712
901 1 200 217 B4 -2.772 2.5 .084 455 3.4 4.3 4.3 4.7
937 1 200 307 88 -1.779 2.9 .100 .468 2.5 3.9 4.8 8.8 7.3
1901 t 1@ 29 20 -.977 3.8 .128 .389 3.8. 7.5 13.1 37.7
12713 - -
73@ 1 380 249 ST -.239 2.0 .983 .187 3.8 4.5 5,1
ger 1 350 243 67 -1.334 .8 .929 .15@¢ 18.9 23.4 25.8 27.8
831 1 349 282 78 -1.297 1.2 .04@0 .203 11.3 12.7 13.7 13.7
999 1 35 235. S2 ~-1.,121. 1.5 .052 .25@ 5.6 7.1 9.5 12.7 7.9
928 | 320 253 67 -.S510 2.4 .073 265 2.0 3.3 2.9 4.1
1900 1 280 285 74 -.582 1.9 .@B1 .213 4,9 8.7 8.3 17.2 13.2
12710 ,
1857 1 100 49 343 1,554 2.8 .04S 2.8 -3.8 5.2 11
12/13 : : ‘
1930 ' 182 2% 113 -,94%5 1.8 ,053 179 §.2 8.2 10.1 11.3
1136 1 180 207 7 -.788 2.0 .064 .181 9.3 12.7 23.5 78.4
1200 1 80 338 257 ~.277 2.7 .084 1S58 3.6 8.3 2.2 25.1 61.2:
1230 1 S@ 3368 270 -.540 1.8 .0S7 .13 3.3 4.8 &.1 6.8
1200 ' 8@ 338 257 ~.277 2.7 .084 .1%B 3.0 3.0 12.3 25.1
1220+ 5@ 338 278 - -.540 1.8 .057 .113 3. 5.3 6.2 5.8




8LM-3 METEOROLOGICAL DATA 1/2 he AUVE SIGMA THETA
[ime Code 24 Rel WD 1970, y Ye ye Im 3m 19m 30m §dm
1300 1 180 345 281 -.218 3.7 .120 .253 1. 3.4 4.0 6.2 8.4
1330 1 180 346 286 -.193 S.0 .169 .383 t.8 3.2 3.5 3.8 ‘
1400 2 120 341 287 -.089 5.0 .168 .240 1.9 3.8 4.2 4.2 3.8
1430 2 10@ 335 284 -."3@8 5.5 .184 .28S 1.8 2.6 2.6 3.8
150@ 2 10@ 337 284 -~.057 6.4 .217 .258 1.4 2.1 2.4 2.4 3.9
1S53@ 2 100 342 286 ~.038 6.8 .233 .281 1.5 2.2 2.3 3.0
1600 2 1900 341 292 -.003 7.1 .240 .10S 1.3 2.1 2.0 2.4 3.8
1638 2 100 338 291 .020 7.0 .234 1.2 2.0 1.9 1.9
1708 2 100 340 295 .831 6.4 .208 1.6 2.8 2.3 2.7 2.3
1730 2 8@ 333 293 278 5.4 .185B 1.5 2.4 2.8 3.3
186@ 2 180 333 293  .079 5.5 .172 1.2, 1.9 1.8 2.7 3.0
1830 2 190 350 303 .062 6.0 .192 1.3 2.t 2.3 5.8
1900 2 100 343 307 105 4.9 .15Q 1.8 2.9 3.2 3.9 8.2
- 1930 1 i1ee@ 351 310 385 2.9 .074 2.3 3.4 4.0 4.5
2000 ' 1@ 21 348 - 1.488 2.2 .g39 3.9 7.1 11.4 21.8 22.0
2030 1 100 275 239 Q.000 1.2 0.000 ' 12.7 22.6 29.8 &1.5
2130 1 108 148 114 -,36@ 1.4 .044 .098 3.6 4.3 5.9
2200 | 108 154 122 -.485 1.1 .Q935 .086 4.9 7.3 7.3 10.7 1.2
2230 1 . 6@ 16@ 111 -,327 1.2 .038 .@89 4.4 B.3 7.7 17.9
2300 L. 150 1439 123 -.579 1.1 .835 .i@4 3.4 5.8 6.8 18.5 18.8
2330 1t 120 214 77 -2.0867 .9 .Q31 .129  11.4 1S.9 17.5 31.9
12714 .
] ‘1 190 205 S5 -3.385 .7 .26 .119 7.0 10.6 9.6 25.1
29 1 te@ 217 87 -2.941 1.0 .936 .157 7.3 19.4 12.4 15.7
58 1 10Q 206 42 -1.9%58- 1.1 .@39 .i1S2 5.8 7.1 8.8 17.8 21.4
127 1t 100 1B3 38 ~-.845 1.6 .953 .IS§ 4.3 5.8 6.9 8.2
156 1 108 3@ 13 -.922 3.0 .289 .@8I 3.1 3.5 3.5 3.8 10.7
225 1 1@@ 353 355 -.200 3.1 .@98 .17S 2.4 3.8 3.8 S.B
254 t 190 13 1@ -.2%7 3.2 .0S9 .194 2.5 4.6 B.8 12.7 1.7
323 1 100 3@ 332 -.329 2.3 .@7! .151 2.7. 4.8 3.8 1a.5
352 1 1@e@ 23 305 -.118 4.8 .128 .192 2.0 3.6 5.8 6.4 17.4
421 ) 19@ 23 326  -.Q@75 4.1 131 .17@ 2.0 3.3 4.5 3.2
450 1 100 S7 358 -.129 3.0 .294 .149 2.9 8.9 13.0 39.2 32.8
519 ! 190 182 83 -1.954 1.3 .044 .170 3.8 5.4 5.1 7.1
548 t 19@ " 167 87 -2.719 1.2 .Q43 .183 §.2 1@.1 14,2 25,2 19.3
§17 t 1@@ 137 58 -5.222 .8 .933 .178 7.5 13.1 22.7 35.9
6§46 | 1908 338 253 -5,387 .8 .030 .183 16.7 18.3 29.9 42.4 85.5
7286 1 1@ 98 32 -2.227 1.4 .Q43 .196 £.4 13.5 15.0
ge@ i 100 88 2 -1.1184 .. 2.0 .64 .20% 3.2 4.8 6.3 6.8
838 ! 100 79 27 -1.822 1.7 .dS56 .174 3.9 6.0 8.8 7.1 7.2
990 1 190 58 359 .204 1.4 .Q38 5.5 9.2 11.2 20.0
339 1 1e@ 29 327 .934 1.4 .42 4.7 7.2 8.3 11.7 23.1
1000 1 120 S 300 .-.143 1.0 .032 .QS6 3.8 6.1 3.0 10.1
1038 1 18 13 303 .279 2.3 .078 3.0 19.9 18.1 25.0 13.1
110@ 1 100 349 323 .19@¢ 4.2 118 3.2 8.0 9.1 1a.1
1120 1 100 353 293 .194  S.1 143 1.3 2.1 3.0 3.1 10.7
1200 2 10Q@ 352 293 166 5.8 .178 1.3 2.4 2.5 2.7
1230 2 150 351 293 .093 6.5 .206 1.3 2.2 2.3 2.4 2.8
1300 2 200 343 294 .978 6.3 .291 1.6 2.t 2.2 2.3
c-10




c-11

BLM-3 METEORCLOGICAL DATA 1/72 he AVE SIGMA THETA
Time Code Zi Ral wo 19/4 U Ye e im 3m 19m 2Q0m £0m
1330 2 150 349 294 L0485 7.1 ,235 1.4 2.1 1.9 2.1 2.2
140 2 180 343 293 .923 8.7 .314 1.6 - 1.8 2.1 2.1
1430 2 200 344 292 .12 8.7 .354 1.8 2. 2.t 2.2 2.2
1500 2 200 344 294 .00s 9.8 .358 1.4 2.2 2.t 2.2
1S3@ 2 180 344 293 .013 9.5 .348 1.4 1,7 1.8 1.8 2.0
2300 1| 240 348 3@1 -.225 4.2 .137 .343 2.2 3.4 3.1 8.2

. 2330 1! 260 348 296 -.176 5.3 .77 .47 1.9 2. 2.8 3.7 s&.2

12/15

] 1 300 17 337 -.240 3.5 .113 .309 3.2 8.6 16.1 41.9
30 1 300 98 96 -.445 4.3 .145 490 2.2 3.8 3.9 8.4
100 1 308 S8 11@ -.695 4.2 143 .560 1.9 2.8 2.7 2.3. 9.3
130 1 308 18 120 -.831 3.8 .128 .544 2.1 2.5 3.0 5.8
200 1 300 327 114  -.778 4.1 181 572 2.2 2.3 3.0 5.5 6.3
230 1 300 318 98 -.781 4.0 .135 .S549 2.3 3.1 3.2 3.2
300 1. 300 315 91 ~i.t18 3.4 115 .52§ 2.9 2.6 4.2 5.4 S.6
339 1 220 296 92 -3.200 2.2 .075 .442 3.3 4.2 4.9 5.2
400 1 15@ 279 89 -2.361 2.1 .073 .367 3.9 5.8 6.8 7.4 B.S
430 | 158 208 37 -6.253 1.3 .@43 .31 12.@ 20.2 27.8 59.9
S@ga 1 1S9 3 219 ~-1.694 2.4 .078 .324 4.5 7.1 9.5 12.9 74.7
530 L. 1S@ 27 283 -.395 4.0 .132 .338 4.4 5.3 7.0 10.5
§0@ | 159 6§ 298¢ -.057 7.3 .280 .378 2.8 3.8 4.3 §.2 9.
§30 ! 150 29 333 -.223 5.8 .168 .387 3.4 7.2 1.8 22.8
70¢ 1 150 1@@ - 31 -2.965 2.2 .@73 .328 5.6 8.3, 12.6 24.68 37.3
739 1 150 215 142 -2.458 1.3 .@65 .31@ 3.8 4.4 7.2 12.2
g0@ 1! IS8 325 285 ~-.714 3.1 181 .318 5.7 13.1 28.4 SB.4 63.3
939 1 1S@ 358 157 ~-.!154 &.1 212 .398 1.9 2.6 3.3 4.0
1007 1 158 334 187 =-2.422 1.3 ,@64 .30 7.4 12.3 17.5 44.3 32.8
1028 t 150 20 211 -2.897 1.7 .@53 .299 6.2 7.2 8.5
1048 1t 1S@ 42 226 ~-1.%04 2.2 .Q73 .31S5 4.8 6.8 10.8 .
1108 t 15@ 14 288 ~-.193 S.6 .190 .384 4.6 8.3 13.4
1128 | 15@ 330 297 -.138 4.3 .141 .2S5 2.4 2.8 3.3
1148 | 150 348 287 .251 4.9 .120 . 2.8 2.8 3.5
1208 ' 150 1S5 299 138 3.8 .03 2.0 2.5 5.6
1228 1 1s@ 23 324 -.183 2.2 .0687 .35 6.6 8.0 9.5
1248 1 150 4 298 .12 6.8 .225 2.1 2.4 2.9
1308 t 1S58 355 293 ,823 8.3 .284 2.2 2.8 3.2
1328 1 120 & 314 .068 6.8 .220 1.9 2.7 4.1
1348 1 100 48 10 .403 4.3 .13 2.7 4.3 13.0
1428 1 1@ 3B 4 1.403 4.3 .081 2.0 3.8 5.3
1428 1 108 4§ 7 t107.62@ 2.5 .002 2.3 8.1 8.2
1448 1 199 37 350 58.830 2.8 .003 3.4 5.2 8.7
1530 1 120 341 288 L1132 6.2 192 1.4 2.@¢ 2.8 4.1

- 1888 1! 150 352 305 71 8.7 L2907 1,7 2.5 3.9 '5.5 10.1
1630 1 158 351 303 115 7.7 .248 1.7 2.8 2.7 2.8
1708 | 152 347 297 .138 7.4 234 1.4 1.8 1.9 2.0 3.8
1730 1 1290 350 383 .189  §.2 .187 1.6 2.3 2.3 1.1
1808 | 100 355 306 2.018 3.0 .Q48 2.3 3.8 4.9 S.2 4.8
1830 | 190 331 286 121.408 1.6 .0Q@! 13.8 28.1 37.2 48.1 :
190@ 1 1@@ 323 280 G5.686 2.8 .024 4.8 7.9 9.9 15.3 S@.7



g:
N
. tg BLM-3 METEOROLOGICAL OATA : 172 he AVE SIGMA THETA
N
')
N Time Code Zi Rel WD 19/L Y e we 1m 3m _ 1@m _ I0m _ 50m
1950 1 100 344 300 .135 5.9 .182 1.3 2.8 3.8 0.0
2000 1 100 358 323 - .698 4.4 .104 1.7 2.2 3.9 S.6 14.9
2200 1 258 274 306 .54 S.5 .179 1.3 2.3 2.3 2.7
2330 1 270 278 312 .045 5.8 .88 1.1 2.2 2.5 2.3 4.1
12716
) 1 300 280 309 .033 5.8 .187 1.1 1.8 2.4 2.7
30 1 20 291 322 .054 4.5 .139 1.9 3.2 3.6 6.8
120 1 10@ 337 2 L4907 2.3 .08 3.5. §.0 9.2 18.8 24.8
138 1 180 12 34 2,476 1.8 .928B 2.5 3.5 4.8 9.3
200 | 18@ 351 3@ 1,167 3.2 .063 1.7 2.3 3.2 3.8 .7.3
230 1 100 4 29 4,100 2.1 22 2.9 4.3 4.8 6.5
251 1 19@ 14 ‘38 1.814 2.8 .043 2.7 3.4 4.8
313 1 100 32 32 2.870 2.5 .@32 3. 7.4 9.7
326 1 10@ 48 S5 .95 3.4 ..073 2.4 5.3 10.1
401 1 190 359 1! 142.100 1.0 ©.000 6.5 7.8 11.4
421 1 109 334 355 100.300 1.1 .00 6.1 6.4 7.9
441 1 te@ 337 6 130.800 1.4 .00Q! 4.4 5.7 7.1
S 12714
1558 2 19@ 349 297 .035 7.7 .250 1.2 1.6 1.7
1612 2. 109 340 294 .086 7.5 .243 1.4 1.7 1.8
1228 1 13Q 345 2934 .045 7.5 .249 1. 1.8 2.2
1538 1 130 34i 298 .@3@ '7.58 .255 1.2 1.8 1.7
1651 1 140 344 298 .27 7.8 .264 1.8  t.7 2.8
1704 1 _16@ .341 298 .928 7.8 .283 1.3 1.9 1.7
1717 1 16@ 358 30S .048° 6.8 .22 1.4 1.8 1.9
1730 1 160 346 308 .282 - 6.7 .215 1.4 1.7 2.0
1743 1 18@ 3% 3@9  .122 6.5 .206 1.3 1.8 2.3
1756 1 16@ 347 306 118 8.1 .1%39: 1.3 1.6 2.5
1809 1 16@ 346 306 .997 . 5.9 183 1.2 1.8 2.3
1822 1. 160 353 313 L1908  S.1  .154 2.2 4.4 2.8
1835 - 1- 18Q@ 352 319 .067 4.3 .50 3.2 5.8 100.0
1948 1| 16@ 349 304 0.008 6.9 :,233 .074 1.3 1.8 2.1 :
1929 1 170 347 303 Q.020 5.8 .181 .0S8, 1.8 2.8 2.v 2.1
1958 1 200 349 302 -.029 7.7 .287 .38 1.3 2. 2.3 2.5
2030 1 202 345 300 -~.Q356 3.4 .352 .447 2.1 2.4 2.8 2.7
2100 | 200 344 298 -.222 10.1 .373 .4a@9 1.7 2.1 - 2.0 2.0
127186 R _
501 1 1@ 337 21  4.051 2.2 .024 3.1 4.1 7.9
521 f 120 330 14 1.922 2.4 .@38 3.7 6.0 8.9
541 1 190 332 19 1.734° 2.4 .04a7 2.5 3.6 5.7
50! 1100 11 43 1.543 2.0 .0386 3.3 5.5 6.8
521 1 10@ 24 50 .773 2.7 .59 2.4 3. 4.2
541 1 10 332 42 .34a 3.8 '.09% 1.7° 2.4 2.5
791 1 190 318 41 .389 3.4 .087 1.8 2.1 2.8
721 1 19@ 309 35 J2683 4.7 132 1.4 1.5 1.9
741 1 190 327 20 .235 4.3 ,139 3.5 5.3 8.3
801 1 190 327 21 .146 S.6  .171 2.1 2.3 2.5
821 1 12@ 253 353 .424 3.4 086 2.5 6.7 13.9
841 1 100 289 29 .264 4.1 114 1.6 2.5 2.5
c-12
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BLM-3 METEOROLOGICAL DATA 1/2 he AVE SIGMA THETA
Time Code Zi Rel WD 19/ v Ye W Im 3m___1Q0m _ 30m _EOm
got 1 18@ 297 24 273 a6 .128 1.8 2.8 2.5
921 1 100 294 23 .327 4.1 112 2.2 3.4 4.5
941 1 100 293 9 .423 4.8 .12 1.8 2.0 2.7
19001 1 1@@ 293 358 532 4.5 .115 1.3 1.6 2.2
1921 1 190 290 34S .739 4.5 .104 1. 2.2 3.8
18417 1 188 281 315 .748 3.6 .081 2.4 4.3 6.9
1181 t+ 199 280 308 .484 3.7 .092 1.2 1.8 2.3
1129 1 108 1S 296 .325 4.6 .124 1.3 1.8 3.4
1144 1 190 13 291 .488 4.2 .108 1.9 1.7 2.8
1159 1 100 3 279. 1.245 3.8 .0%53 2.6 3.1t 4.1
1214 1V 19@ 358 270 772 2.6 .0%S8 2.8 4.0 5.7
1229 1 100 1 273 .55 2.9 .07 2.1 2.6 5.2
1244 1 1@ 13 292 .473 3.6 .090 1.7 2.9 5.0
1259 2 1@ 14 293 311 4.2 o113 1.2 2.0 2.3
1314 2 120 25 307 L1903  B.5 .204 1.5 2.9 5.2
1329 2 10@ 20 299 .064 7.9 .28} 1.4 1.9 3.4
1400 2 190@ 17 29§ .032 7.2 240 1.5 1.8 1.8 2.3
1420 2 100 19 300 .927 8.8 .228 1.3 1.5 1.8 3.8 3.0
150@ 2 109 28 313 .27 6.4 .21 - 1.4 1.8 2.3 4.3
1938 2. 100 33 321 .030 6.2 .2¢ 1.8 2.1 2.5 3.7 5.7
1600 2 180 35 324 .229 5.2 .200 1.8 1.8 2.7 4.
1700 2 150 274 318 .827 6.5 .214 2.6 2.3 2.4 3.1
1730 2 1S@ 270 314 .034 6.5 .213 1.8 2.2 2.4 2.8 3.9
1800 2 150 273 321 017 7.2 240 1.7 2.1 2.5 4.8
1838 1t 150 275 32 .28 7.5 .253 1.9 2.7 3.6 5.7 8.2
198 1 158 285 322 .028 9.1 .329 1.2 1.5 2.0 4.2 ,
1930 + 15@ 278 339 061 8.9 .224 t2.Q 3.0 S.4 7.5 7.9
2000 1 15Q 275 344 .00 6.1 .19t 2.0 3.4 3.4 3.7
2038 1 15@ 282 341 L1098 4.7 .14 1.9 3.8 5.4 8.7 12.7

12717 '
330 t 150 83 87 -.229 3.3 .15 .228 1.8 3.8 190.3 21.8
990 ! 1S@ 173 144 -.861 7.1 .245 .340 1.9 3.9 5.3 2.0 18.1
920 1t 150 13 88 -.882 2.0 .064 215 3.7 5.3 8.7 9.9
1999 1 15¢ 23 84 ~-.218 2.7 .e83 177 2.2 6.4 15.3 41.4 3.5
193¢ ' 159 38 79 ~-.119 3.3 .1@! .178 2.9 3.8 12.8 25.9
1100 | 188 355 195 -.060 2.7 .982 .118 .3.4 3.9 4.8 8.2 13.5
1130 1 158 333 113 -,111 2.7 .ese .137 2.0 6.2 1.1 20.1
1200 | 150 344 120 -.274 2.4 .@74 .169 3.3 6.9 23.1' 81.5 6.1
1230 1 179 § 65 =-2.895 .7 .827 .14 4.5 7.6 16.2 42.9
1386 1+ 2290 17 20 ~-1.378 1.5 .@9%@ .2271 3.3 5.8 1.1 14,8 31.9
1320 1 220 25 37  -.33% 2.1 .387 .251 .8 1.1 1.8 3.2
1400 | 230 45 66 -.368 3.5 .112 .324 .8 1.8 3.8 5.3 17.8
1430 1 180 25 89 -.343 3.9 .095 .249 1.3 2.3 3.8 6.8
1690 ! 180 28 88 -.261 2.9 .090 .214 3.6 6.2 13.6 4@.1 13.7
1538 1 180 20 94 -,1S1 1.8 (256 .114 4.8 5.2 8.3 18.2
1608 | 1S@ 342 271 -.049 1.6 .248 .065 3.6 8.5 17.4 SB5.7 92.7
1638 1 150 329 259 - -.@065 2.7 .Q82 .117 2.3 5.1 10.8 42.4
1700 1+ 179 331 251 -.212 2.4 .072 .158 2.2 7.5 15.1 48.2 19.3
1738 + 179 350 258 ~-1.730 .9 .932 .14y 2.3 7.3 21.2 48.8

C-13




BLM-3

Tim
1800
18309
1900
1330
2000 -
2030
2100
2130
2200
223@
2300
233@
1271

30

100
130
200
230
300
330
400
430
502
530
630
700

e e BN NN DS R — e - e s o e .

METEOROLQGICAL DATA

172 hr AVE SIGMA THETA

i Rel WO 19/4, Y Y we Im Im __ 19m  30m _ EDm
200 14 99 -1.Q013 1.2 .04Q@ .187 1.5 26.2 46.7 58.2 39.8
16@ 7 153 -.B0% 1.1 .238 .16 2.4 S.3 9.4 15.39
1590 352 241 -1,983 .7 .827 .18 4,4 7.7 27.2 80.9 S53.3
150 60 S8 .725 1.8 .Q40 7.8 19.7 32.0 44.4
150 246 129 .683 1.9 .024 7.4 10.3 13.2 15.3 37.7
150 5 335 1.781 1.5 .025 3.5 8.3 15.8 20.9 :
159 88 132 L1903 4.3 128 1.2 2.9 3.8 4,7 21.7
159 76 137 .@88 s.2 .188 1.9 1.4 1.8 2.8
1590 76 134 .58 6.2 .197 .8 1.8 1.7 2.8 3.1
150 76 . 131 .026 6.5 .213 .8 1.3 1.7 1.8
1S9 78 13% .19 7.0 .233 » 1.1 1.6 2.1 s.1 a1
170 79 141 -.@25 8.8 .327 .349 1.8 3.0 2.1. 4.8
170 80 139 -.055 8.8 .306 .427 1.9 2.7 2.9 3.

170 81 138 -.047 9.4 352 48B4 2.1 2.8 3.2 4.1

159 358 128 -.043 10.9 .379 ,454 1.7 2.4 2.8 2.3 4.9
159 6 146 -.253 9.1 .343 .453 1.8 3.8 5.7 9.3
250 8 144 -.,088 7.9 .279 .a99 2.2 3.5 4.6 5.0 3.9
250 4 138 ~-.122 7.4 .280 .537 2.1 3.5 2.4 3.8
250 19 147 -.123 7.5 .267 ..S53 2.2 3.1 4.5 5.8 8.5
250 227 247 -.149 B.8 .22 .£03 1.7 100.0 100.0
250 173 187 -.Q074 5.8 .234 407 2.6 3.3 3.7 3.9 190.%
260 177 173 -.059 7.2 .25Q .40% 2.2 2.8 .7 7.0
250 242 193 -.297 6.8 .228 .437 4.7 120.0 100.@ Q.3 12.7
25@ 173 174 -.983 7.8 .243 .379 3.0 100.0 120.9
250 343 239 -.Q979 6.9 .202 .3B1 3.8 7.2 12.4
250 328 'S1 -.878 6.3 .213 .2375 2.8 5.2 8.1

Cc-14



BLM-4 METEOROLOGICAL DATA
Iime Code Zi Rel WO 10/4 Y s W Im__3m.  10m __30m _ 53nm
6/20

1861 1 75@ 3@ 165 9.000 3.3 0.000 6.9 12.7 21.4
1392 ! 75@ 25 173 ©0.000 3.7 0.000 100.0 41.0 100.0
1957 1 750 658 308 0.000 4.3 Q.¢00 4.2 6.9 12.0

2030 1 750 6§ 320 -.555 3.4 .1@3 .542 . 9.1 20.3 100.0

2214 1 750 305 341 -.407 3.9 .128 .57S 2.1 5.4 9.8 125.8

2300 1 75@ 337 325 .746 3.5 .0890 2.5 6.1 29.3

6/21

] 1 75@ 314 354 2.237 2.2 .034 3.3 4.3 5.2 9.4

30 1 750 235 310 .460 4.1 .1@S .2 5.1 100.8 2.9
100 1 750 247 293 . .183 5.1 .52 1.6 2.4 3.2 4.3
130 1 7586 95 291 -.003 4.6 .146 .140 1.6 2.7 4.8 8.1 8.9
200 1+ 798 96 336 .00 6.3 .209 . 1.6 2.8 4.3 7.3
230+ 750 68 316 .188 3.3 .112 2.2 4.0 5.0 8.4 13.8
306 1 750 %@ 39S .128 3.8 .109 .9 1.4 1.8 2.3
330 1 750 89 297 .46 4.2 .129 1.0 2.0 2.5 4.0 5.5
420 1+ 700 87 299 ~-.@S6 3.8 .1139 .268 .9 1.4 1.8 2.3

430 1 700 93 293 -.172 3.2 .101 .329 1.0 1.7 2.1 2.9 2.9
Se@ 1+ 7e@ 11 301 -.97! 4.5 .144 351 2.6 S.6 7.0 19.7

530 1t 700 303 238 .147 3.1 .es8 4.3 6.6 8.7 12.1 18.8
0@ 1 708 308 3OS .245 2.2 .es8 9.8 14.7 18.7 30.0

630 1 700 89 235 .273 . 1.8 .048 1.8 3.4 7.9 22.9 33.8
7006 t 8S@ 33 278 972 1.8 .051 1.7 2.7 3.6 S.0° .
738 1 700 85 265 -.034 2.1 .083 .124 1.8 2.6 3.6 4.0 5.7
800 1 780 74 247 ~ -.194 2.5 .080 .222 2.2 7.4 14,2 24.4

830 1 750 81 265 ~-.818 2.1 .967 .375 3.9 8.2 17.7 30.8.:8.1
935 1 750 337 296 -.325 3.3 .128 .S27 2.3 6.0 9.3 13.7
1030 1 8S@ 81 275 .438 2.7 .@6S 1.3 2.6 2.8 2.8
1109 1 820 18 275 .415 3.4 .085 1.8 3.2 4.8 6.7 5.1
1130 1 850 327 271 18.170 1.9 .006 2.4 3.7 4.2 4.8

' 1200 1 8190 286 275 12.85@ 2.1 .Q1d 2.7 3.7 4.9 9.2 8.8
1308 2 340 25 278 1.152 3.3 .066 2.1 2.4 ‘2.8 3.0 ‘
1338 2 860 12 281 1583 4.2 .10S 1.7 1.9 2.4 2.8 3.3
1400 2 850 3 285 377 4.5 .21 1.4 2.2 2.7. 3.4
1430 2 800 358 280 .283 5.0 .141 1.3 2.2 2.5 2.9 3.7
1500 2 850 354 279 .258 S.1  .1aS 1.3 1.3 2.6 3.1
1520 2 882 349 277 .312 4.8 .128 Lt 1.6 2.8 2.0 2.8
1600 2 870 338 272 .426 4.2 .128 1.1 1.8 2.3 4.1
1630 2 870 332 272 .630 3.6 .08S 1.8 . 1.2 2.2 4.8 4.5
170@ 2 870 327 281 .86 3.2 .072 1.1 1.6 1.7 2.8
1730 2 860 320 270 .552 3.3 .080 1.0 1.4 1.4 3.2 5.9
1800 2 850 313 273 .486 3.3 .e82 .9 1.4 2.9
1830 2 808 321 282 .905 2.5 .0SS 2.0 3.5 S.7 10.7
20380 2 8@@ 315 283 .129 3.9 .13 1.2 1.6 1.8 2.4

2100 2 8@@ 321 283 .82 4.8 .14S5 1.2 1.5 2.8 2.2 2.3
2130 2 800 326 288 .@62 5.5 .175 .9 1.2 1.8 2.2

22080 2 80Q 325 293 .e85 4,3 ".151 1.3 2.1 2.2 2.7 3.5
2230 2 800 329 30! .248  B.1  .137 .8 1.8 2.5 2.9

2300 2 800 315 296 .070 5.5 .171 t.r 1.7 1.8 2.8 3.6

“1/2 hr AVE SIGMA THETA

C~15




1/2 hr AVE SIGMA THETA

BLM-4 METEOROLOGICAL DATA
Iime Code 2i Rel WO 1974 Y Ye yr im 3m __ 10m _ 3Qm _EQm
2330 2 800 296 289 .084 5.2 .180@ .t 1.8 2.1 2.9
65/22 : _

] -2 800 289 291 L1058 S.1 158 .9 1.3 1.4 2.9 3.1
30 2 80@ 293 301 .129 - 4.7 .139 1.0 1.4 2.4 §.8

1900 2 8@ 311 308 .208 3.7 @1 1.3 2.1 3.8 3.8 5.4
130 1! 8Q@ 301 303 .294 3.1 .983 2.6 4.1 4.8 5.7

200 1 80Q 308 306 .317 3.2 .084 2.1 3.9 4.4 10.0 8.2
2308 1 800 321 345 .894 2.1 .045 4.8 7.2 11.0 14.8

300 1 7S50 331 350 L7730 2.2 .eaT 1.9 3.2, 5.2 7.3 11.9
330 1 750 313 345 .411 2.0 .050 t.7 2.3 3.1 3.5

400 ! 700 298 323 L2700 1.8 .48 1.8 3.0 4.4 5.6 11.3
430 1! 700 296 320 -.878 1.7 .0%0 .129 1.9 3.3 3.4 9.3

5@ 1 G680 310 332 -.033 2.1 .063 .120 1.4 2.3 4.8 5.3 9.5
530 ) 680 304 324 -.291 2.3 .068 .179 1.2 2.0 3.8 7.3

600 { 670 314 307 -.92' 2.9 .e86 .140 1.4 1.7 2.0 2.5 3.9
§30 1 E&BD 315 297 L814 3.1 092 1.5 2.3 3.2 5.2

700 1 68@ 333 295 .140 3.1 .088 1.9 3.2 4.8 5.8 8.7
808 1 650 7 320 .629 2.9 .068 3.2 5.7 6.4 13.4

830 | 60 38 13 5.687 1.3 .018 4.8 7.2 8.5 11.8 29.9
900 | 600 18 356 163.800 1.0 0.000 3.2 18.8 28.5 37.5

930 ! 6@@ 335 245 118.400 1.8 .Q0! . 8.0 7.3 14.6 25.5 B3.8
100@ 1 600 § 219 184,100 1.6 .Q01 5.8 8.1 8.3 9.0

1020 1 80Q@ 355 218 1Q4.390@¢ 2.5 .@02 2.6 4.5 6.0 7.4 e.2
1100 1 600 3356 207 4.3%8 2.7 .028 1.7 2.7 3.8 3.7

1200 1 65GQ 71 221 §7.188 1.6 .00! 4.8 6.9 8.7 1.1

1230 1 650 75 228 22.568 1.6 .004 4,1 5.0 8.t 8.5 10.5
1300 1 sS20 71 231 1.314 2.5 .047 2.5 3.1 4.3 S.9
" 1400 1 400 7 249 .380 4.0 .104 3.4 5.8 8.6 12.4

1430 1 340 4 282 L4111 4.2 .104 t.3 2.1 3.8 5.5 10.8
1508 2 300 358 268 .347 5.0 .137 1.3 1.9 2.5 4.1

1530 2 300 343 263 .18 6.5 .200 1.3 1.3 2.1 2.4. 2.8
1600 2 300 341 268 .231 6.2 .183 t.2 1.8 2.8 2.5

1630 2 350 337 270 .433  s.1 138 1.6 2.3 2.9 3.9 3.3
1700 2 400 330 271 J466 4.3 .128 2.1 3.3 4.8 4.8
1730t 458 329 279 .388 4.8 .130 1.3 1.9 2.2 2.3 &5.8
1800 1 480 318 274 .365 4.4 .118 2.6 3.1 3.3 3.7

1830 | 529 321 288 L4590 3.7 .@93 2.1 3.8 S.1 5.3 8.5
1500 1 540 304 272 .285 3.8 .103 3.2 4.7 6.1 8.8 _
1938 1 575 317 285 L287 3.4 .090 4.1 7.2 9.8 11.8 17.1
2000 1 SE@ 383 278 .454 2.5 .0Q63 4.0 5.8 .8.1 13.4

2030 ! 620 296 280 .358 2.6 .063 4.3 6.5 8.6 11.1 12.4
2100 1 S80 287 274 .21 2.8 .07% 4.6 11.2 14.2 19.1

2130 1 820 291 289 .409 1.9 .Q47 5.0 8.8 9.0. 20.35 20.9
2200 1| 530 297 383 .368 2.1 .@54 5.2 18.1 13.5 16.0

2238 1 B3@ 288 304 L4717 2.0 .048 4.3 7.4 13.5 18.28 15.9
2200 ! 630 298 31§ 270 2.2 .053 4.1 8.0 3.8 12.9

2330 | B2@ 2585 263 ~-.27% 2.5 .Q76 .277 2.8 4.9 9.3 5.4 30.2

§/23
2 { 530 324 221 -.108 2.9 .08% .234 1.9 2.3 5.5 4g.7
C-16
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METEOROLOGICAL DATA

8LM-4 1/2 hr AVE SIGMA THETA
~Lime Code Zi Rel WO 19/4 Y Ye W Im 3m 10m 20m 50m
30 ! 59¢ 358 317 ~-1.143 2.8 .066 .380 2.4 20.3 25.8 29.5
100 ! 530 351 307 -.254 3.3 .1256 .444 2.4 3.3 4.3 5.2 2.8
130 1 580 357 314 -.940 2.1 .06S .372 4.9 8.4 13.2 14.4
200 1 530 6 359 -~1.069 1.5 .@53 .298 8.2 16.0 17.8 23.2 25.1
230 1 S8Q 358 329 37.51¢ 1.9 .002 8.5 14.2 20.1 20.9
300 1 S390 354 345 .088 1.9 .@54 8.5 12.9 15.9 7.6 20.8
330 1| &59@ 338 72 ~-.8'7 2.1 086 .313 4.5 9.7 13.¢ 19.1
400 1 530 339 45 .188 1.3 .@52 .1 2.5 4.7 8.8 17.68 .
430 1 58Q 343 29 -1.249 2.0 .085 .38% 3.3 S.t 6.0 7.1
Se@ 1 S3@ 358 @ -1.849 1.9 .063 .a28 .5 1.3 3.8 5.5 29.2
532 t sS7¢ 39 312 -.629 3.0 .096 .450 .8 2.4 4.4 8.9
‘6@ 1 SE@ 306 319 -.392 3.3 .130 .S16. 1.1 2.8 3.0 5.3 18.3
638 1 SB@ 316. 348 -.565 3.5 .115 .519 .5 .9 1.3 2.3
700 !t S6@ 342 324 -1.749 1.5 ,053 .347 .4 701 1.9 26.4
830 1 SB@ 315 185 -.714 1.1 .Q38 .179 5.5 19.2 14.5 22.0
8@ | B@@ 17 207 ~.743 1.5 .05Q@ .252 7.5 10.4 14,8 17.8 28.9
19290 1 BQ@ 356 355 -.832 1.8 .052 .279¢ 4,3 6.3 8.4 10.5
1050 1 6520 357 343 ~1.150 1.3 .043 .257 3.7 8.5 7.2 7.8 11.3
1204 1 550 357 290 -.096 4.4 .143 355 2.1 3.4 4.3 7.8 ,
1234 1 550 1 298 .029 3.3 .0938 2.6 3.0 3.8 3.9 5.8
1444 1 45@ - 15 248 25.85@ 2.5 .006 2.5' 3.8 6.2 9.8
1524 1 450 343 240 1.300 3.5 .062 1.9 3.4 4.2 8.2
2034 1 519 358 291 L0260 7.0 .232 - 1.7 3.1 3.7 8.2
2140 1 400 42 346 -.053 5.3 .175 .332 . 2.6 4.8 7.1 13.9
2210 1 420 14 314 -.072 4,9 .160 .331 3.1 5.3 7.6 8.8 20.0
2337 1 300 18 4 -.164 3.1 .096 .234 5.¢ 3.5 11.8 14.1
5/24 '
7 ! 260 13 32 -.068 S.E .188 .324 2.4 3.5 4.8 8.3
158 1 420 344 285 -.057 5.7 .199 .363 1.4  2.@. 2.4 2.5
228 1 S@@ 357 294 -.072 5.8 .19 425 1.5 2.5 3.1 3.2 4.7
421, .1 BO@ 354 295 -,865 5.9 .198 .443 2.0 3.1 5.1 8.7
431 1 559 2 302 -.115 4.7 .154 406 1.7 2.5 4.2 5.3 8.3
526 | 500 6 318 -~.208 4.2’ .138 .428 2.8 3.3 3.3 s.1
648 ! S58 357 285 -.185 4.1 .13@ .386 3.3 8.3 9.2 19.2
748 1 S@@ 276 188 -.195 3,7 116  .353 3.4 5.8 7.7 8.9
830 I 450 64 308 .234 2.3 .esl 3.6 7.0 14.3
858 1 460 1S 343 .323 2.4 .060 3.6 6.7 8.3 15.4
927 { 480 88 254 .220  3.2° .86 3.5 8.8 18.3 17.0 45,2
1000 | 490 73 254 .258 2.7 .072 4.3 3.0 17.4 21.8
1030 1 380 102 289 L1 2.7 .78 4.1 11,2 15,1 28.8 31.2
1100 1 340 43 298 .043 8.2 183 2.6 5.3 13.5 13.8
1130° 1 300 93 314 .192 3.4 .095 3.6 7.7 12.4 21.4 19.8
1154 | . 2490 307 288 .Q06 3.7 .112 2.8 6.4 15.4
1230 1t 240 338 288 .054 5.4 169 1.6 3.8 §.2 _
1300 2 240 333 297 L1239 4.7 .140 1.8 3.8 4.7 5.7 14.7
1330 2 2490 315 . 270 .0S! 4.9 .118 2.4 4.9 8.0 14,2
r400 2 240 319 267 -.007 4.3 .1S6 .127 2.2 4.5 7.3 9.3 12.1
1430 2 240 324 270 -.002 6.2 .2068 .119 1.6 2.3 3.1 -3.8
1580 2 240 323 279 .21 8.5 .214 1.7 2.8 3.3 8.1 8.2
c-17
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BLM-4 METEOROLOGICAL DATA 172 hr AVE SIGMA THETA

Iime Cods Zi Rel _ WD 1Q/L Ji s we Im Im __10m __3Qm  B53m

1830 2 240 32t 273 .025 6.3 .204 1.3 1.9 2.2 2.5

1500 2 240 318 273 .015 5.3 .1983 1.4 2.1 2.8 2.8 2.7

1630 2 248 317 289 .926 5.9 .191 1.4 1.9 2.2 2.9

1700 2 240 319 287 .239 6.1 .187 1.4 2.3 2.6 3.2 3.3 .

1730 2 260 316 282 .041 8.1 .198 1.4 2.2 2.3 2.4

1808 2 270 323 287 .835 B8.8 .217 1. 2.1 2.5 2.7 3.4

1830 2 280 328 272 .037 7.2 .240 1.8 2.4 2.8 3.3

1908 2 300 342 284 .044 8.4 .284 1.6 2.3 2.9 4.3 7.3 .

i93@ 2 240 339 286 .061 7.5 .253 1.6 2.2 2.2 2.8

2000 2 200 340 284 .069 6.9 .223 1.4 1.8 1.8 2.2 2.5

2030 2 20@ 342 289 .03% 5.9 .19t 2.1 2.9 3.3 3.4

2100 2 200 344 292 .002 8.2 .208 2.1 4.8 3.5 4.5 4.4

2136 2 300 347 295 .243 8.1 .197 . 1.2 1.8 2.3 2.4

2200. 2 400 344 310 .194 4.3 .142 3.0 4.1 5.7

2230 2 500 331 302 L3122 4.9 197 1.7 3.2 4.9 8.8

2300 2 600 336 313 268 4.5 .127 .4 2.1 3.7 6.8 9.5

2330 1 7S@ 351 335 L7681 3.4 .07S 5.9 6.5 9.5 20.5

5/25 ' o

0 1 808 343 332 2.308 2.7 .249 3.0 4.7 5.4 5.9

30 | 808 329 325 2.243 2.7 .041 2.2 4.1 S.6 7.0

10 1 8@ 18 23 4,431 2.1 .022 3.2 7.2 13.3 25.4 34.1

130 1 820 63 72 110.400 1.8 .2@) 2.8 5.5 9.1 20.3

200 1 820 64 86 313.500 .5 2.000 9.1 21.3 31.!. 82.9 686.5

230 1 820 250 280 162.480 .9 0.000 8.0 13.0 17.3 27.5

300 1 820 253 297 .524 2.4 .0SB 4.3 7.9 11.3 14,7 23.5

339 1 820 307 310 .158 4.3 .12B 1.8 3.6 5.8 &§.S

400 1t 750 309 319 .292 3.8 .@9% 2.6 3.7 5.0 §.4 7.7

430 1 700 314 327 .358 3.0 .07% 2.4 4.1 5.6 5.7 LA

S¢e 1 700 2917 323 1.14% 1.8 .03% 3.3 7.4 8.7 12. 3.5 Coom

530 1 740 272 312 1.143 1.9 .037 4.9 7.8 11.2 15.0 o,

B@@ 1 740 285 313  3.220 2.1 .@27 4,1 7.9 9.9 2.6 13.8 s

B30 | 730 318 313 1.426 2.8 .0S2 .3 4.4 5.5 6.0 '

700 1 740 337 312 .328 4.2 .12 2.7 S§.2 6.8 10.3 8.8

730 1 748 351 311 .I66 5.1 .182 2.1 4.6 5.9 6.5 .

8@ 1 650 1 326 L1768 5.5 L1865 1.8 2.3 3.7 7. e

830 1t 5B@ 17 350 .682 3.8 .09@ 2.8 4.8 7.7 15.3 18.7 N

990 1! S8@ 43 20 16.56@ 2.4 .009 2.2 3.8 5.4 5.3 e

93¢ 1 SBO 22 331 132.400 !.a .01 3,7 5.8 7.7 14.7 28.1 -,

1000 1 S5@ 353 293 44.890 2.3 .004 3.2 4.8 S.5 10.8 ‘ [

1930 ! S@@ 357 297 1.586 4.2 .@7S 2.8 3.2 4.2 .5.3 9.0 l“dh

11900 2 38@ 329 286 .372 8.2 178 1.2 1.8 1.7 2.9 "4

1130 2 320 325 284 .264a 6.6 .196 1.1 1. 1.8 2.0 2.1 !

1200 2 300 321 283 .212 8.9 .210 .9 1.2 1.6 2.% R

1230 2 200 315 278 133 7.5 .239 1.1 1.4 1.5 1.7 3.% o

1300 2 250 318 277 .997 8.4 .278 1.2 1.5 (.6 1.8

1330 2 219 317 278 .263 9.3 .38 1.5 1.8 2.@¢ 2.2 2.0 !5

1400 2 220 313 281 .054 10.8 .38Y 1.3 1. 1.8 .2.9 ' ?3

1430 2 188 320 231 .62 10.8 .388 1.3 16 1.5 1.8 1.8 o

1500 2 150 324 286 .057 11.4 412 1.4 1.7 2.0 2.3 ;§
™~
N
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BLM~-4 METEQROLOGICAL DATA 172 nr AVE SIGMA THETA
Time Code Zi Rel WO 1871 Y Y w In 3m__1Qm _ 30m _ EOm
1538 2 15Q 322 286 073 10.4 372 1.4 1.8 1,7 -1.8 2.1
1808 2 158 322 288 277 10.8§ .378 1.4 1.4 1.5 1.8
1638 2 150 320 286 L2075 1t.1 .398 1.5 1.6 1.8 1.8 1.7
1700 2 250 324 288 L0683 12.3 .44S5 1. 1.7 2.0 3.t
1730 2 320 327 294 .069 12.5 .482 1.7 1.9 2.v 3.3 4.5
186@ 2 338 325 296 L0828 12.4 .448 1.4 1.7 1.8 2.1
1830 2 48@ 325 294 L1 1e.8 L3739 t.4 1.9 1.9 2.t 2.2
18913 2 400 274 283 Q77 1.8 .393 2.5 3.7 4.2
1955 2 4080 343 28§ L0768  11.3  .430 1.6 2.3 3.0 4.2
2025 2 4@d 356 303 .878 9.8 .346 1.1 1.6 1.8 3.5
2055 2 488 353 3 .87 10.5. .3M 1. 1.8 2.2 2.3 &.I

6/27
1138 2 15@ 350 293 Q78 11,9 .38t t.s 2. 1.9 2.
1200 2 158 348 2839 .90 12.0 .427 1.6 1.9 2.8 3.3 3.
123@¢ 2 1SQ@ 346 286 .42 14.9 ,558 1.7 1.8 1.8 1.8
1300 2z 15@ 345 284 060 14.3 .530 1.4 1.3 1.8 1.8 2.
1320 2 1S5S0 345 286 .847 14,2 528 C1.e 1.9 20 2.3
1498 2 150 346 284 .843 13.9 .17 1.7 2.1 2.2 ‘
1430 2 99 342 282 .045 14,3 .831 1.3 2.9 1.3 1.9
150@ 2. 90 340 286 .842 14.8 .584 1.7 2.8 2.1 2.2 2.
1530 2 9@ 340 286 .48 14.7 .549 1.5 2.1 2.4 2.7
168@ 2 9@ 339 28S .244 15.8 .585 1.6 1.8 2.6 2.1 2.
1630 2 S0 348 285 .@47 15,8 .58§ 1.5 2.2 2.1t 2.3 ‘
1700 2 18Q@ 3237 286 .75 13.8 .47 1.8 1.9 2.1 2.2 2
2000 2 250 331 292 .977 10.2 .350 1.9° 2.2 2.4 2.8
2030 2 250 331 294 .079 3.1 321 2.8 2.9 2.9 3.0 3
2100 2 30@ 329 293 .998 8.0 .264 2, 2.8 2.9 3.3
2130 2 4@ 333 295 .088 8.1 .287 1.8 2.3 2.8 3.2 3
2209 2 409 337 3N .983 8.1 .270 1.9 2.5 2.7 3.0
2238 2 400 341 308 .097 " 7.5 .245 1.8 3.0 3.2 4.0 4
2300 2 45@ 343 310 ©  .126 6.5 .206 2.2 3.8 4.2 4.5
§/28 , ‘

2 2 400 342 295 L1220 6.2 O1%2 1.6 .3 3.2° §.4
30 1 S0@ 354 306 181 S5 L1790 ‘1.8 2.4 3.3 4.8
198 | S@e 3 320 . 401 4,2 ..109 1.6 2.2 2.3 4.5 .
138 | §00 358 300 .333 4.3 118 2.1 3.9 8.1 11,1
200 1 75@ 11 313 28 4.4 114 2.2 4.3 8.2 7.8 1
230 1 750 3 309 .547 4.1 1D 2.4 3.8 4.5 5,1
308 ) 8S@ S7 327 2.030 2.8 .049 3.2 6.3 V1.4 28.0 2
336 .1 8@®@ S2 320 3.827 2.3 .078 4.5 7.9 11.9 29.7
4090 1 880 303 168 126.500 1.1 .gQ1 17.3 23.4 37.4 239.9 ¢
A30 1 758 354 22 3.3903 1.8 .229 3.4 19.2 35.2 S8.5
5090 1 688 257 136 58.950 1.5 .002 13.5 20.7 28.8 S3.s4 ¢
526 1 7@@ 94 331  8.336 1.7 .01} 7.8 9.2 24.5
§8@ 1 790 17 43 §,521 1.7 .15 4,8 7.2 13.6 20.9
§3@ 1 588 5@ 295 1.297 2.6 .Q49 8.3 11.7 13.7 16.3
700 1 582 11 260 .217 5.4 159 2.0 3.4 5.2 8.9
738 | 688 28 287 .563 4.2 .1@3 1.4 2.5 4.2 8.2
800 | 680 25 284 .763 3.8 .087 1.8 3.5 5.2 6.4
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BLM-4 METEOROLOGICAL DATA 172 he AVE SIGMA THETA
W W 19/ - Y A L Im 2m 19m 3dm 5@m
830 1+ 880 38 3g 1.213 3.0 .esg 44 7.5 11,7 20.3 17.2
0 1 gE@ 17 287 1.187 3.5 .a71 1.8 4.4 8.3 19.3
336 1 660 33 378 .736 3.9 .@90 2.0 3.9 4.4 g.4 21.4
100@ 1| g&0Q 2 298 .289 5.3 ,i1c5p 2.¢ 3.7 g.2 7.3
1030 1 680 339 232 .182 7.5 234 V.6 2.8 3.8 4. 5.3
1100 1 880 331 275 .263 6.4 188 2.2 190.0 2.5
1130 1 500 288 278 650 4.5 110 .S 2.8 2.9 4.9 12.3
1200 1 400 308 744 .34¢  §.3 .10 1.§ 2.8 5.9 7.3
1308 2 250 323 s .33 5.8 .59 3.1 48 5.7 g§.9
1330 2 250 315 383 +288 6.5 .19 1.6 3.1 3.1 3.4 - ]
1400 2 250 320 27p .32 5.3 .178 .2 2.1 2.8 4.3
1430 2 300 324 27g .354 5.5 183 1.6 2.4 25 2.2 5.5
1500 2 400 320 277 377 6.3 .17 LRS- I A - O
1530 2 450 322 274 .23 7.0 .208 3 14 1.8 2.1 ag
600 2 s5p@ 325 27p .13 8,2 259 @ 1.5 1.7 4.3
1638 2 5@ 327 279 2210 8.1 .25 - 2.3
1700 2 520 327 2g $22% 7.7 .237 1.0 1.4 .7 2.7
1738 2 sp@ 323 379 L2632 7.0 .21a -3 1.4 g8 3.3 3.2
1800 2 500 322 2vg A9 7.8 243 @ 1.3 2.3 4.9
1830 2 sS@e 328 285 173 8.2 .28 - 1.6 2.2 4.3
1906 2 520 327 2gp 171 8.3 283 3 1.2 1.8 3.9

6729
820 1 spe 33 g7 1.212 3.3 .ges 1.7 4.0 5.5 3.3 4
838 1 se@ 42 g2 594 3.8 .93 .1 2.0 3.5 3.9 10.8
98¢ 1 500 35 94 1.237 3.1 .og0 1.3 2.2 a9 4. ,
330 1 sg0 52 v 1.364 3.2 .gss 2.3 4.2 5.8 105 g ]
100 1 sSee 32 g5 2.570 2.7 .o38 "7 3.5 4.8 7.
1030 1 sSpe 53 g5 .853 4.3 .p97 .1 2.3 3.4 3.5 5.3
1200 1 s0@ 245 17y .19 4.0 .o3p e 1.7 35 7o
230 1 500 325 19 1.673 3.9 .pgg 7 3.2 s.a 7.1 1y 2
1308 1 s5g0 3 21 .81 4.2 .¢gg 1.7, 3.5 5.5 19.9
1330 1 S0 z2s9 22 .766 4.3 .19 e 1.5 2.2 2.5 i3 z
1430 1 5290 299 221 1.231 4.9 .279 .8 1.7 .. 2.2 3.1
S0 1 sS@@ 293 229 1.824 3.7 .pg2 S te 1.3 3.- 5.2
S38 1 Se0 300 242 1.344 3.7 .7 ‘3 18 1.7 2.g
600 | 500 399 253 ‘744 4.4 2 4 2.4 35 1.5 12.5
1638 1 S00 327 233 382 5.2 142 e 1.8 2.8 4.7
1700 1 S@@ 333 273 .808 4.3 .p9y .1 2.1 3.1 s5.g 5.9
1730 1 se@ 14 322 2.435 3.9 .04s F.4 3.3 8.1 19.p
1868 1 s@e 121 gg 4.424 2.5 925 2.9 S8 12.3 29.> S&.1

6730
652 1 329 13572 303 ~.945 7.5 284 a5 <3 3.0 3.9 3.
7221 300 350 304 9.2086 7.5 . 25v 2.0 2.9 2.8. 3.9 3.4
32 I 200 353 314 256 5.8 .ig8 e 2.1 2.5 o5
1208 1 g 7 324 2320 5.3 14w .8 2.4 2.3 2.-
1038 1 g 3 322 -282 5.4 5§ .8 2.4 25 2.8 3 o}
248 1 159 353 o34 1.965 3.9 .ag;y 25 8.4 11.9 23.g
1318 2 159 4 289 264 6.5 ,)g2 7 1.4 1.3 . g5.g.
1348 2 200 356 275 2790 6.5 .13 .3 2.1 2.2 4.9
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BLM~4 METEOROLOGICAL DATA 1/2 hr AVE SIGMA THETA

Time Code Zji Rel Wwo 1974 U Us W im 3m 19m 30m £0m

1584 2 280 358 259 .279 6.7 .198 .8 1.4 1.8 2.3

1543 2 350 3 286 .245 7.3 222 1.0 1.8 1.7 2.7

16813 2 400 s 274 .188 8.5 .270 ‘1.0 1,8 2.3 2.3 5.2
) 1725 2 400 350 273 L1130 9.3 .322 1.1 2.8 2.3 2.4

1755 2 400 1 282 .168 8.5 .272 1.¢ t.8 2.2 2.8 3.8

1825 2 450 3 287 .288 7.3 .217 1.0 1.3 1.9 2.1

2012 2 7SO g8 313 .047 6.4 .209 1.6 2.1 2.5 3.9

2042 2 - 750 1 310 .032 7.0 .233 1.4 2.0 2.3 2.7 3.4

2233 2 700 350 307 -.036 7.3 .254 491 2.7 3.5 4.1 4.2

7/01 :

545 1 789 2 296 | .130 6.0 .187 1.6 2.7 3.8 5.9

833 1 780 351 285 228.800 1.3 0.000 4.5 6.0 7.7 11.8

833 2 580 351 292 124.800 2.3 .00t 4.5 6.6 7.7 11.8

823 2 500 12 289 .366 5.8 .181 t.3 2.t 3.8 6.8

953 2 440 3 298 L1897 7.6 .238 1.4 2.4 2.3 2.5 7.0

1923 2 590 3 299 L1112 8.7 .299 1.4 2.6 2.3 2.8

1131 2 400 7 314 .33 10.1  .387 1.6 1.9 1.3 2.

1312 2 400 8 311 -.206 10.2 .382 .334 1.8 2.8 2.7 2.7

1342 2 SQ0 5 308 .207 10.0 .389 1.9 2.8 3.0 3.3 3.4

1452 1, 500 8 308 .217 10.5 .384° 1.9 2.8 3.1 3.4

1522 1 2 312 -.006 13.7 .527 .473 1.8 2.3 2.8 2.8 3.7

400 34

Cc-21




Appendix D

WIND DIRECTION STANDARD DEVIATION DATA

The following tables contain all of the horizontal wind
direction standard deviation data. The times indicate the end of
the half hour period. during which the data were accumulated.
Averaging times of 1, 3, 10, 30, 60 m were used for processing
the data. The tables contain the following averages:

60 m average,

30 m average, '

Y, hour average of the 3 10 min averages,

¥, hour average of the 10 3 min averages,

¥, hour average of the 30 1 min averages,

the 3 10 min averages,

“We 3 10 minutes averages of the corresponding 3
3 min averages, '

the 3 10 minute averages of the corresponding 10
1 min averages.

This rather extensive list of averages is included here because
of their usefulness in determining the quality of the data and
because they can be used to see how rapidly equilibrium is
reached after a change in meteorological conditions.
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BLM~-1

WIND DIRCTION STANDARD DEVIATION
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WIND DIRCTION STANDARD DEVIATION

BLM-2

10min Pariod

1/2hr Pariod

Ave

3min

imin Ave

19min Ave

31 2 32 Im Im_1Q0m 1/2h

33

23 21

i ¥4

~ o w i~
~N e~
— (0w w
mn MW e
[ P ¥

e v e e
Moo
La IR A
Qe e e
0 — — o
MR
N < —
Ne O

. e e s

- NN
(7. S Y ST
e s e e o»
< cqMin M
N~ M

T« e v e

w N ey
4w o
Mooy
SN m
9 ON 3 Oy —
[ IR BT )
S 4Ny ™
M) = v - -

1714

t-w -2
- ~
- —~
Ot~ - -
n -~ oes
™M -—
o~ -
< 050 o
o~
B e -
NN ID e
-
-— e ) «¢
. e e .
0nw-s 06
£~ —
[T N ]
o+~ -
w -—
NN W W
&~ W
~Nw o,
™~ W~
~
+ ® — I~
M < ww
(X]
i < <
ot —
oy
[ T
- om
N g
~
w0y -
-— - i3 0
SO0 6
neMmS
-0

1N

[

.2
3.5 5.8 8.4

4
5.2

7.5 4.8
14,1
8.6 8.8 7.2

5.8
1

4.5

5.7
9.4

4

1 8.7
4.6 7.2
6.9

4

.

3

4.7 5.3

4.5 7.9 8.1
3.4 7.8 8.9

.0

2"
<o

8.4

12.2

2.9

1.6 5.8 2.6

4.6 12.7 9.4

m wry
mn ™M w

15.1
.5 4.0 0.9
§.4 1.3 42.3
2.7 4.

3.2

4.4 4.

LD O —

2.3 5.0.-4.7
3

3.1
4.2
5.2

4.3
3.9 4.0
.8 3.7

5.5 4.8 2.9
5.8 3.4

8.7 2¥.9 5.2

4.9 6.8

.

4
3.6 3.8
3.0 11,8
vy 2.5 3.3
4 3.8 3.8
7 4.3 B.)

5.8
2
2.
2

o4 -

1/18B

338

~

R0 MW
[ B V-V AR ]

Mo =ain e
N -t =2

4.3 4.8

nnom
Nt

Mo 2
I B ]

2.4
2.5

MM
Nt~ -

3.8

.
4.8 6.3 3.4
5.6 3.5 5.8

n < o8
"W
~uwe
©~ 05N

5.3 3.9 6.8
.4

4

5.1 5.5 7.2
2.8 5.2
2.2 6.9
3.8 4.8
4,1 4.7
3.7 5.7 3.5
2.5

~—unNnunN«=e
™NeINMNNN
N® N~ W
NN~ N
Moo Wt
NN - NNy

4.8 5.2

6.5

4
2.5 3.8
4

™~

(8]

S
2.5 3.5 3.3
3

3

NmMmmMmmey

B0 Ot~

EAR T AN I o0 B O BN oF |

N ¢ cyu N

. e e
Iag IR AT BN Lo B AN BN oF |

3.3 3.1
.5 .
8

3.5
S

N~
rY a4 = Oy
w3y D
Lag 2ot B a8 B oF B8 oF |
W~ - -
M — — 5y

.- — e e

r-
n

- i~ o unwm

w

.9 3.9

3.4
12.8 5.2 13.4

4

e

o
t-

S.

7.0 54.3

2.3 5.0 28.3

2020
2050
2120
2150
2229

‘o

.S

.9 18.4 13

5

15.8

.3
.8

2.9 4

1
!

11.9
2.2

5.0 19.7

T~

3.2

2.8

3.3

m

Lag ]

o~

3.1 3.3

.4

4

.3

1

-

(]

o4

ty

LgY]

~

3.5

2250

D=5




mm o w o 9 R~ DU - MWOOR - N — N~ — MM - IiNn e
~ < w W 1 y WEOE- P~ 2@~ @WID~ — W~ 2 NI — DN SX..OSICWAS.
. M - — w0 -— I - N - — 10— (1 — — N - W - M —
o
N% o — 9~ @ - ~— WO ONORW®DMWWN W - O =t M re oy 0 M <t ¢ 11 —
¢ — [ IR V] -~ WMV TN~ ODIO N O MO~ — -~ t- M
a —— -+ 104 =~ AN 4~ 0y —_— - N — ) - g —
L.rntm,. ~ ™~ Ny 973]543!335387455473439 Cl < = (Y1) — f
. . . P [ T A A A
12} -— - w N w ...5:453!80&75733:24957I:u w0 wm M rytn ey
~ [le} N — = M — - - (8 — 14 — — —
£} 22/ oW OOV~ OO—~—MNOI~NO A~ WDDNEWmOm ©Mwn oy o
\m -— Lot I 2 o¥ ] 841:3295874.3)321!:54484 MM~ owm oo w
.. - — 0~ — -— . . -— —
3 v
~ o o - o m - AN~ NWS o —_—_ R ~M D~ o -t WrEOMMI M — 00
o ~ w e~ in N OMNe MM MO NNONWN — M FOMNMOIN v © -
nNU M - (23] W0 -~ — 1w - _— ~ — M — — 2
...H c rd B -y 2 D -ttt OO OMON AN ODM I 2 [~ wwrmon 4 —(n
< - th -— [N DA~ DODY —~ NP MM 2 OO~ WO~ WwMmeIor M0 —
mw % . [ oY) ] — — . < — (2] — N — 4 — M~
.m“ - R < 4 O 00 1131351533153754284...5‘843:55535..D253421.0
- M . S A A B L R R R T S S O T A
* ~ W 4 < ™ 2315583&034535323729‘9‘...127.770 1 O W0 W
nnKu o n -~ £ = - 2 -t —~ — Lt 2 2] - — _—— —_— N - 0
]
<
o [a)
M 3 ' @® n m A WOWNMIOE~MODNN~ - ~ O DI OOWOWDN U <« W - ryw
- [¢] * - e UM+t OMNMODN MM NI NN N ® 5340%:10
w HW - (&) tn - 1 - - o — — -~
nNu nu...hz wn ® win NDOVWN ~ —OTNNE—~— MWLM — O <M~ ® M NN S M
— [ -— oW — MO MNSOM— -~ DO INNNCINMN MW < N Nt oOMNNDS S
m n.m — wn - — ™M td -— — e Y e em -
- . -
14 %3 o~ - [~ 94'..407@:..-/05'3450385078«497.I‘.l_.:.ﬂ ~ N NSO OMW
-t — . . e . N L T R S G T
(] -... 4 ~ wn — N THEm R WO I ITME NSO CWN AN — 2N DO~ W W W =t O N
. —— —_—— " 4 - -— - p— — e o
Q [}
4 ' .
- 1
3 “ o w W — 84535710087.4455354835897. ™~ =t wmMme~ -
. B © v v e e e e e e . . .
] J - wn MM =IO NN CI — — — 1@ 2 o W0 N < 0w M~
“W. — -— -_m 2] —
“A -— —_ 0 - MNBOME -~ NOO -~ WO @A MNG - mMe —-—~ 01 oM
o4 . . R T T - . P . L
I o —_— < 1oy “037.:(23752534.22!2244514 N MO0 OO w
1 - 2] - - —_ — — 04 —
! £
t — m w ~ ~ oy IO NDNONDONNOWLY DO DY OSL -~ O~@UN~OM~ —~ m M e OO M M)O
1 ] . . . REE e s e . .« e e .« e . FE
- L - o4 - —_— NN - - WD WL EI — N =~ TN~ I — 1O e ¢ N =t 4 MM~ oW
wn w [ g w r0 r — o
[~ [ (4 [ - . [
" ~ ~ ~ ~ ~
1 O NWWN 2999599322‘22_.422:2:22222::2222222 .
¥, — -t -~ WOVO— D - NS~ AN U N NU I CIU O UG W o0 o3 NI T — N N 029 4 Ca
- - < — - D St (TN M NOVLOUENEOOOMAE® ~ — g9 T 04 €2 WD €U N AN
) — -— -—— - M e e e e e e e e e e e e e e o [N SR o I (VI VI Y P ) (4 ) — — fdoy I 0




.m18279331.428.38254377!8333125:38&519..::353 MM GCU — e
s L L T . L
/4750233339:53379?.937751.|58748:359333359: Tt Ot -
-— 4 — 1w ~mMm €4 — — (D <t -— -— " - -— LA IR ] - — - 1101 —

o

Q
N%594417903925|3995I458295!3003824733:3545 — 11 — 4N~
O T . . . .
e...a,_32284520512.!85587554315553344549309.‘599 4N~ — o
a — =N~ = e ]~ — QM - ta -~ - [
M.MZI45!5373783485455....3555834075!:533:.511:9 M = N Wt I~ oy
is TN Poe . . . '3 . . . . . . . . b . . . . . . . . . + . . . . » . . . * . . .
t4 7r»1.57.00933884544554435733332333:775754q3 L7 ot B 72 B B N I oS

N e e —m L L L L] . -— -
N75359803245493!57313!52357255,5543755033! —~ NN Mt
] - L L] . . . . . » - L] - . 3 . . B ] . . - L . . . . . .
.m_ 459355557557433333222232!!....l....!!153254355 NIt MUInwWn
-— — — -— —

~ 591-37.175!9043555555357554922435277079L59 N —= I~
e [ ] 'y Y a Il '] . . [y 'y Y Y 1.} A A__ s 5. . A ry L) Y Il A Y ' . a . Y Y 'y + I N e _a - . . . s+ . .
e35257l41525229‘535353305l33334.‘75850.:9537 W< th <o - w0
nNU M B = M) = o - e g -— O e o - -— - -

..Tn. nZl5425502452855334550529398335JT408523517 M~ M — m-<ry

...................................

m ‘MSI.JQQSZSBA92”«“2835044547.563542225|22‘737378 O % wOU oD

N & e —— — —

% - 0172239251334702992558l1838@382330379t59 DO iR —
bt POEI A L L S R S BT SRS et SRR A et A A
3252]375!4ISSI|989752734\.5723535553355575 <YWWt~ oM

m - D - e e RN M w - L2 BRI [72 s - — ~

S 4

ANH - 35@@3885435'733;31.&5311985541@747338|~b-|a¢_}.33 oM ws~ oMM

.CM Oe35838511597|38543775347.933223425239535598 W2 ¢ MNUNO —~

-t —_— e O v e e = e -— - . -— N -~
L >
mNu nﬂ.ﬁ?.7A498!75927.158878305333949093583147733!... DO NINS - O
n nn370927895898u97245342258333..-27.3!687473379 w=sLMmr~Mw~w
-t - — -— ~ —_— -

|&) - E

o %3 38728772125034445575]3538533575!32383!37 NN~ — 0y

- —] ¢+ v e e e e e e e e e e S A ST S SSRGS S

[=] -— 38419513021575455552243452312322325544433 M~

—_ e O\ - — = e - -— ot

Q

= .

-~

3 <38‘337852005‘|988243.535858‘|331734l99.\.817 N — -~ NN (0

- Ly I « . . . L B . . f e e e e ... e e .
6347137549255173223322]23 lllll td ~ 3 — WD —~ 0w Y@O N tNMNMENMWDLWL -

-~ -— — (a3 ]

>

L o |883013982893..0:05919403958!5592454573893 wNO~M N oD

ﬂ/h - * . . . - - - - - . . - . - - - . . - . - - - - - .
n3477857735759832347.21.1.35 lllll N~ —~ O WMo W LN OmNn M
- — s —

n 1t

- 533975950877502]35020835204335!475123476 M=~ —mMmuney

L T I T S [ . . .
- 3548955554540834333223!93121|22|1233‘3335347.243578

-— o~ ~

L ~

] CLOI N O O O3 N O OO TN O T3 08 68 03 T3 02 08 g 0 (4 08 €4 04 Fq 00

r 22—524.22n~ﬂ~ﬁs~4?—qcs~45..hsn.uszszszsquqésq&Sﬂcsq/.—bn/_r:a-s.) N NIy ey

| 25252525252500!12233645558778893801l‘:233 LIN N LI N

m IO OOMO - s e e o e e el e LSBT CLEQ 04 000020004 N~ — gt M

R YIGN & 8 LSt WM et A WEER Y Y Y Y e R e 0, Tetetar | PN coe uER L, Tatetts [N ,......C. ‘..!. AN NS AR R RN D AL TR el
o N S N R “ B / . . ; , : - . i
A ; : : s N } N
N ]

. ; . . 3 ~ i ]
i - L . R R N o .-



{deg)

WIND DIRCTION STANDARD DEVIATION

BLM-3

-

1@min Period

1Omin Ave 1/2hr Period

3min Ave

imin Ave

2m ___10m ‘2h
5.3 8.3 10 .8

im

$1

~
1%

22
5.7 9.9 4.9

21

-

-l
5.7

-~
-

2 6.2 10.5

2.5

4

17.3 5.2
18.4 4.1
7.7 s.0 7.0

.3

3.2
2.6 2.9 3.3

8
3.3
.7

4.4 2.7 5.5

3.8 4.5

2.9

2.0 2.4

6.2 8.7
I
1.7 2.8

2.1

2.5

4.8 6.4 4.7
4.6 5.3

422
452

= 0 W —

W w M-
LHEGENS]

™ My
4~

"

o o

~t 0

6
59.3 14.8

1.5 2.5
5.4

[ ]

1.9

~

c-
~d

-+

ISR Y]
™~
o

.5 4.3 9.4

5.9 10.2

d
-

3.6 4.5 64.1

7.8 3.3 9.9 13.7 4.5
4.9 3.4 3.2 5.7
5.4 3.3 5.1

2.3 3.6 24.5
2.8 3.1

4.0 2.8 3.8

3.3

2.6

[al]

.
~s

(8]

~3
4

1S,

8.0 10.7 14.3
12.2 21.4 31.5
3.2 9.9 14.8

5.1

lj

14.5 17.7 12.4
12.8 53.5 28.4
31.7 7.7

32.8
4

5.
Lo
11.5 20.1
.5 18.9 6.5 4
.4 9.8

19.6
4

9.8 .16.1

(o Be 2 i B¢ o]
1 Q9 -
1

w
(<
(&Y

ri

14.
2.3 3.5 5.9

-
-~

1.

7.1 42.@ 12.7

5.8 3.1

7.1 26.0
3.9 2.8

7

.4
4.

4.3 5.8 11
6.3 10.4 15.4

.9
.8

6
4
12.3

7.8 8.1 33.5

5.9 3.6
16.8 5.2

.4
3.8

4
3.3 5.9

1

5.3 6.7 19.4

8.

[£2 08¢ e I Sl P> BEC i o8

>

t~

w

"y

.4

7
4

1.3 3.1

4.3

™~

m

L
rq

~

~

W
'3
f~

L]

5.7

8.1

1.3

in

18

t

3.

4.4 S.1 2.8
5.9 .
3.2 7.9 3.0

3.8 7.4
4.9

3.5
7.3

3.
5.9
2.4 3.4

6.7

1.1 .4

3.9

-
1

3.9

~3

1271

“r

w
>

£~

3.3

Lt

0

&S

€4

w

LER )

.
w

m G
™~

5.9

"

- N

rd

1@
130

.5
.8

2
3

5.3
.5

200
239
300
339
100
430
500
530

[

~”

w i -t

L)

5.3 3.5

1

3.3

L)

™

rd

€1

[}

[T

w {~

10
M

t4

"

T

(o2}

.4 16,

11:4 15,6 14.8

.2
.4

3

8.9

B!

i

'S5

9.8

o

.2
10.7

w
ry —

~N w
€L cq

o~

D-8

500

C ey



3m_10m 1/2h

1/2hr Period

(deg)
1m

1@min Ave
83

3

WIND DIRCTION STANDARD DEVIATION
1Omin Period
Imin Ave
21 23

33

Imin Ave
32

2!

BLM-3

64837@5904553448345535_351_747-34 ~ m - wr- -~ —_ M —m —m
43843949@72783352232:22222484 -+ @ ~ ~ t g ot - — — 0 U W0 N W
-—— N~ — - wu 1y 3 — ~ - _ — I~ 4 [
0245]55330095@31249@293053585 Mo — @ - M [4F] —Wwrr - Mo
43487807353&233322::2!‘2223..43 < 3 M nNm™mo s w O Ml Wy w
R A2} - (2] - 4 —~ —_— 01— -—
_0752420342....385752315098922157 M oW st~ — M~ m MM wem
323778995«3848222222'211222323 LB O Mot MW 2] @ 4@ 2 0N
22l -_— €1 -—
2887977‘@75359957555845585@81 - 0N o aMwoeom w cCIMWw M aeaWm
L T .
N— =NV OIATWMIC o~ - e o e e e e e e e LAY B o) LBV ] M~ N ry (] wa MM
[ ¥] —_—
2041-38.439357~8535-J305 M~ o M [} ~ O E M~ ow
R T S T S [ . .
T T FOUVONWONICIWL MO ) O — M w ~N < w w Wt
-— - -— -
13455447295854032934495959525 N - w0 < (0 0 My ~ MO < Wwww
e e v v e e s e e e e e R S a4
4345&788‘85583933375227.21.l||2||7.23 b Te B op B M — WSy w —~ U} o @ <+ ©
- 19 -— - - 0y~ - — W e o
745745788803'05320250891556‘6 -~ ~_- PN 9 @ S ~w e MW
L I N L I R R T T et et S St A A rd - .
32458754552543322241212222433 w < o N <N S MW ra SO~ N~ -
— ] = (] —_— e - -—
5495933553556575987~47&2837.5939 mwnwn MwWwo oW @ n ww r~
2335500091544232222222!2223ﬂ4 ~N N W NN € - wmuwm M e
— = emm - 4 — (Y] - R -~ —
‘5143295574534059108]08810225 W — ~ ~—oor~m ™ W4 >~
323073534«.««“73322212212211.22273 Lo B BN + % NNW D -+ ~SiINnNwv ow
— -— - B —_—— ~N o— —_—
MNUVUNEONU —~—UY e~ ~OMUUND ~—NO~OSN —~ ¢~ — <« MO M O OM e~~~ oW
32348533540,533221121112222323 w .M * MOty Wn (] A R oI s IR o ]
~N — —_ —_—
848152951l5936888397355894849 0~ - ~m™Mon g o ® OOy
e & ¢ e + s e e & @ . . . e e e [N
ool o AP I B i o0 T V2 BN+ ¢ BN § o TSR 15 RS U ~N NN — ~N - N nmoeoy —-m A wrd —~ 1
(3] - [}
23535'31459417523045952&7235‘ < M W - -~ My w oo N D
N~ WU WA OUMNI - e e (O o o e o m T -y "o - e —~ N e (] *T @St M
57074033550745093554527894028 @ omom me-wme -~ m o M~ N- 0w
© s e s e e & w o » s . . . . .
NN NSO O NN o= e — e m em o NNy~ - 3« MO MMty s —_ W WM MmN NG
- ’ [ ) M _—— () N
~ ~ ~ ~
QQQ@OQ@OOBGBGO?A!BSZBSZ — €4 MNP NSOOOOOOD
000.0300030353@303@303525'4130!?10!0]108@15133@3@3
30303030@]126.3-3‘4558567—78899a oMo MOMNMOoO NS ¢ o] Q@ — NN
WD OIO —~ — — = e e e e o o e e e e o o - — o — [aY) oo — ~omooD oy — —_— —_—— e e e -




- - m e . . - e i ce > @ % s s o~ o = e 6 e e o o - e e e e - Cs e s e e ahv o 4 i e e e oo ..

a.5@540d91-.3759 235754:

g A ouSnonn - R LAl Ll Bt

oM AN MmN m e — — 66 -~ o 587835:45397852087010543:32
d!l . T4 - = — M 1 — - m (41 -1 FELIE BRIl o R
CHoNTINgMNuRnNeTea Nt By BN NnRERNE e M SR E NG - -0
%!43422221221234HHS?QHSW 3..”.0854335554..«:..5H«“HGSSH,GS.M_SEZZZ.
ERONOUIN 894N NdeNONRN WY BNEENRN MY S SN mE e -0 ® -
N 333222222212237“,“47555 WW?S.J3443385WBWH_4S.d?.bmwSZ‘...ZZ

. T Hoomoenmm O NMOIO~ oo @NON - UNI-D QDM IOG OO NI M W©

- [ Lt ot U P A L Y B I I S S I P AP ST SN L

.m ~ - bl Lad

YL pShngunanroesunNm - sunn eHomurerMNe s <uw oonHnesdte©

> w8344222122222l5wm o~ ~ Me®OMNmEOnMMmMD & w Tt O D e ey -

E oL droun-anurarausenyonns ruynsswenronuuieesoroenesnn

< .m#433222212!1323558785” 8H954344ZS.M.S.:uWﬁ..wSAr.m.Sq.uH.23222

B 1% |meatvesnceaunonononts Netnaenemenasnne e o en om0

o 842322221IZIZZ.«.HNI«???W‘79553448844473.“%:«559937.&33!2 =

S . : S 4

2 b gone R A R L A Ak e e o B e L L L L B

O I L NN NNS S~ SM.97333433N5W—HH oV DN e

ad v =W ONNDNMOEWLIN T — WNDOU — 4~ WAWO DI — D) e — s O~ DO — DO

I R R R e R R L T 1 1 1 T R RSN I S S S SV

b mzn.. O DOMNITI IS AIASONOODINNDLELE DOODNOUN — N DOR® — WDONMOUWOME )

o 2 Ml&3|2211..:..LI.I.LL&&LS&LB. BONUMENIIU S IO — 10— M %~ 0o —

o | - - -7 -

= [}

3 i < oMo —OWOMMN-~ OGN O~ OO WYSON -~ O OO~ — M — 9w
m...uﬁl.z./“.h SL Sl N Mo M e~ &T.u/.l.,hq/hl._,“.l.z.ﬂ.mh&% DT I T
| < WOD—CIOSNWD -t FDDD~ Ot — ,775025555G5.35477339.|7184.175
mmﬂh!l.&l!ll!l.ll!.lzatlcwl‘.. DWW NN ~ (R SIS 0 Wd e o o
“m VMY ~NE@AN~D—~1N00 @O WN -~ © W-DONMMOONOUNONM~ WO MLIN S @ o~ —
LA PR !.......2!&&.4.&.&4&&4.4.32&7“2!....&2&1.&144&315\111

™ <

1 000NN G i OO

x m0303030303030303303031 CONITMNI—-— 0O PO NENEM®

4 NI VO~ ODNOTEE — ff 4T DO NEUUNINNU ~ T~ 2N EMNE RN~ — M

m e e e e e e e e - 2o~ MMM NN ONW - - NN 2 N NOON OO M e e oo

/




1.

v"ﬂlgg.‘lg,uuiﬂlé!wﬂ;‘d‘& LRI ] R e ¢TI % VW Y v v cvmmmw

L A S A A R e R L, T o T T T T oo

mm_.l.l_‘..zaz7 n1|»355242ou0952062403000@@00000@300]5591913
Nratieda el — M ..-825535579205242544@0@@00@@000@@0&5:21c.wSS
- A d n — — 043 — ~t < —
he)
o .
.ﬂ%s.l.u.lals ?370022958503352455504355532193:75979.3929
P e e 4 e a4 s M L L N R T T S da S S S S S S
%1]222!32 .b323334c4579750278373033353234358523312473
= (] — (3] — —— - Ny
M.ﬂlaaquds 5555315282135294159283885945735.!2@5583513
M- AL S A L L A A I S S S B R SRS S S A S A
o~ N — NN - N 832223345575378432275822282224385222':347
~ o~ — — 4
€l O < ¢ 229123339054845879428545@5!297G3447745388
\n..s lllll ~N - 32122223324423535!7544?.225221227311l.|.|.234
u R
~ 394‘!3752 3’44894‘33537,547864 — N -0 —
- © e v v e s e % a4 © s e s s 4 e s 4 e e .
O M—~rtaNC ~ 010 54223?.341073451‘53.! MMM — W oW ~
W M [as Ll it ] —— a2 ] w
fT... n21050950 735908499552232539533559790845931322@334@
« e ® x e s e e s w * e v s e s e e o s v e w 2 e e e e R T T
< .Mt?.zzz.lzz 83322244393333479205383375334339734222515
- ) - -— P -— —
> L]
..n-Uu - ~ O W — Wy 0oy 36?.74358‘5550514]255747-94935855@450775045
e B R T L T . . .
o Hlew = = -~ M) 342333454378..:—:ﬂ~9“5@068333922355775-442’..,.3?.8 n
-— -— - -— (o] M -
<
< 4
M 5 347~2 N m;m DM NN~ O0 <t OO MM
e . . T T T T S . ..
| o o] st NNy < o3 DN NI O ROWMNMNE Ny M NN — UMW
n .me - - M — [ -
>
m nﬂ-ﬁ7487~8789 25@79557938204.l.dQ..—/‘SA»089./7559577~35930035‘
4 “ e .2 e . . « & s & 2 s+ e« & . a& s L * e v e s e e s = & e 2 s s e e + o
U nnﬁZlZl!Z! 4232.1234377534933155752229?222295121222?5
-y — —
Q - E -
o %3 < 0w — U cgw 8@551&4547]1’17'09484\.5753425533@3@.ISS.JSSS
L ] -] . . - . . ] . » . [ . . - . - . k) ~ - . - - . . . . - . - - . - . . . . - -
Q — o — - N — M~y 'l4.l?.7.3332976429573885022253&2274757~22.|2?~7v|
1 . o~ -— R —_——
Q 1
Z |
-4
3 1 3370 S - DO~ NIO ¢ 2OM—~ MW MO wn o -t
1 « . . . « s o+ s e » L D . .
“80’]‘2 N o~ e e NNOMONLMMNONONN ~0 e o™~ W e
— o~ .
T 2> .
| € DWUWONWS D 8703708355557873835a03|592]39@33528857183 !
| I o " e v e v * s T & v e e e ® s 9 s w . * e+ 8 e v o « e e :
! C e — O — — N~ NN~ NMNNDLTNOMAETNNUM— —PUWUINNNN — O~ — DN — = — — — ~N oW .
- . - i %,
1 € - : N -
- < <4 UNNWwWwm oo 48812574580513.8344'3877422@!02@3'55825377 . .
] — - . v - - o . . . . . . . . . . . 0 . . - . + -
- Hf — e o = N — T, MM NNNNOONNINU Y CTNO S ONNMNUDTN NN D S — — o — e o~ j
wn . - . -—_ : kg
o ~ :
1 D009 N OO ODDNODODDODNDE OO C® !
x e MO MG ~— 00050@05000@00900240.&4@2432402430303030 H
J M <N MmN 00-3@30—903@30303@3@00,’]ﬁu7~2333444565741889 H
M 0 e e~ v = ~N o DN = —~ NN ANINDWD DO e e e o e rm o o= e o e e o o— o o e — o - |
|
1

P
’




h

S w- o (~wWwwoMmwowe 20 - —nr~o

& OO N
Sl sy 10 OO MW (=N L0 I SV SV X OO ONME
©
] . .
.H%@B.&S <+ W e WIwom < 0 — — Moo R - oIy oW
O~ I cd I o e —_— . €165 01y S OWWT I — sy
Q. — y. - —
.n.m S 4 4 DM UNDNn S o "t~ 0 ¢ ~ QWU — -0 M~Wn
c1 [ BNV I I o) — M WM ~ W w 001010y < WM ST — U (30T
~.
LA N Sl L BN g ~_OwmnN~ o~ ) —~ - vy — - ~SN M @t~ W
\n,: -~ badhati i S R o o | w0 w < —— 4 — TN~ — — M —
0 .
hs)
- D O T — MO W o
— . . . . e . . .
[ W — 4 — Mt M ~ —
= t >
o [ I = - .
-7..... “n weamey WS Wwrry o — o~ M U0 W oy WoT — OUTAI ™~ — 0N
N DM e e e e e« s o . - Z
< [ [N I ] ™NMOW~ MW w® ™~ w0 N - Yy O NN —~ MMM
5 18 . = =
—n.-U.. “.l ™ oW~ — N MLt OMNM D — CON~EORDDOEMINMA™ — 0 OOM 4NN 2 O Q@Y YU —
o “ M-t~ MMM =i N0 O <t @@ — e N - = N NN I Y - LE B I B as NS B oV B ¥ I VIR oo U SPRY . I Y o~
—— — e — — -— -— 1
@x 1
< 1 4
(=] [}
M .nu S — 19 -_— O~ &~ 7] -t -t
- o M - QO N ~ ~ ooy
w - O -—
L > .
m.Nu DA.-A“ w e Mo — 0 - ow < W w ™~ OMe — NN WOWHAWMO WM — -~V NOODWOUINVWNS
n nn _— 4N - [ R GV IRTs I, ~ w w —_— NN — — N~ 0~ 1IN~ NN MO — — DD
- . —
|5 - £ . . .
o E 10 W O W N D OSSN W ~ MMM~ NN WOSDDVIINOW— WM WD MMM~ ¢~ - m
— [ =] ] . . . . . - - - o - - . - - - . - . . . . - - . . -
a - - - ™y NN - RN DWW — — = = o m em e e e M~ - NN MTOINMOCIE — D g ) —
1 - .
o i
z
-
3 13291 Nt~ MN [} 3N
-t - - [t IR S I VI oY ] - [V
[
>
<« 08 < « — MmN NN <+ O ® N —~—NODWLOO —OOUNWNDD oW —OOmMWM™ NN m
X - - - .. PR . . P « - s
C &~ — — — = 190 - 100 w w <@ It MNMMIION - NINO MM - — — N O — — — o~ = —
- -—
€ .
—_ < - D om T ONG QWO SO Nt~ MMM IO W — 0 SN NO-9OW -G rg
"o~ - bonl ol AL BEAE Bl a0 Bl T B A0 SR T2 BN T2 B - S e it T ) em o e N — NI N— N — U -~
w ' w0
(22} ~ ~ N
{ CE=-B-E R NN D -0 ONNNODOD O N
) 4 EltN0 6 i — 000@‘35‘1‘751235@‘3450ﬂ.34a5530 111111111111
P | Am e MIMm OMOEMUN — NN NWwWLwLFFME~EODOEODNE — O TOMNMNTO NG O (4
o H— ey OGN = — I TIMNIN 4t 4t e e e e e e e e e ~N 2 MUVWVOWWNSN~NSOEN
Mk L B B LR AR X LORIRIIIY LR PN ST VRS IR s oA S IR e o IR




BTN T W W M AW UMY W s em L ekt tem e e e e me e e = = e

hgeaooom
/0000000

™~ e4 w019
eI N
+ S ONMm®
Mt — e -

1/2hr Period

(deg)

- ™M)
L

2.9
4.3 4.8
1

3.6

.
o3

tOmin Ave
-
.

.4
4
7.9 6.9

2.6 2.9

LaY o)

2
2

33

.7

32
3
.2
2.0 .
1.8
2.3
3.2 S.3
1
1.
!

1Omin Period
3min Ave

2

7
2.0
1.7
2.1
1.8
2.0

WIND DIRCTION STANOARD ORVIATION
3!
2.
3

33

.0

[T
- 0y - - —

Imin Ave
. .9
3
-
4
4

=
!
9
2
]
2.3 2.6
1.3

2
1.
1
|

- ] -

6LM-3
T

90!
321
341

- W
M o~

1.7

———— e > " m————— e B e — g—

lnlzo
4555

9!.89
M~ —
oMW
e . e e
N < N

324

2

53

-—

M oM - I_b.aq47“=_7.7

2-34?.-437.-
8835744
vl?.?ua.&ﬁsaéﬂé

QUMW -~ w0
— = = e tire

mm«<Lunnoeown
IIIII ~N -
DOWND — =N

. « e s e
—— NNy
mwy~wwn o
— NN NS
~— N ¢ W—m
™ =™ -~ N

. .

4?1

ss
5&3

-~
a.L ﬂL
~ o0

— -

La3]

o~

o
~

2.6 4.4 3.8

l
2.8 3.2

!
|

2.
r4

1
1.8 2.3

5.

<~
© ¢ -t
IR N
new
-t M

200
Alzn.‘

1.9 '3.5 5.4

S om
MmN~

3.7

oM< om

Mo,
— 0 m

18.6

"N < o
NN
M~ o
— 10 o

1.7 2.7

!

Zz

3

5
.
19.3

6

1

]

2

2
5.
5.2

12717

LW N A e o eEm

1.8 3.8 18.3 21.8

30.8
17
9

830
gee
330

'

3
.4
Q

19.7
9
41

.9 3.9 5.3

3.7 5.3 6.7
2.9 6.4 15.8
S

4.8 .42.5

4.8
38.5

5.0
3.6 15.86

19.5:

.

3.6 3.4 4.3
3.3 5.0

5.3 5.5 3.8
33.3

4.7 3.5

3.5
18.

3.2

3.5 3.4

.

2.9 6.2 11

3.9 6.9 23.1 B1.
4.5 7.8 '8.

3.

6.8 62.7
12.0 38.7

- 4.8 16,1

9535381!4.&w/4

€3
~t

14

4356

w D
- "

A

.8

3.0 6.2 13.8
2

8.5 17.4
1

3 s.8 1
. 1. 1.
1.8
1.3 2.3

.6 16.8

8.7

5.4

8.9
5

1.1

4.4 7.8

5.3
3.2
S.4.
B.9

2.8

2.8 15.7

S U w oy
<t —un <

8.3

4.8 3.
3.8
2

S.4 35.3
3.4 9.9 2.3 3.7 18.93
©52.3
3.8

2.2
25.4
15.4

.......

45.4
§3.5

20.0
21.9

D-13

DR G 2 N )

e LN



h
.4

MMO-WOOW—om 1193@58..99551
Re R S BN ST BRI s B 4429535137\7:

~
-

16.9

14
4.4 7.7 27.0 80.3

19m
11.8 26.0 46.7 58.2
3.4
34

1/2hr Pariod
.3

19.7 32.90

7.0

{ deg)

{dmin Ave
S68.9 31.3 S51.8
5.4 75.7
14,9 26.5 54.7

3!
28.3

d
23

18.8 28.90
4.0 47.7

3min Ave
18.7

2)
3.1

7.4

WIND CIRCTION STANDARD OEVIATION
15.9

33
.3

16.0 9.7 8.3

8.8

Imin Ave
4.0 9.6

mm—e===—ceame=-={0min Perio
9

.8

[l
2!
]
3.

BLM-3
Iime
1800
1830
1939
1930

e i m s - o W

~ w 1% e

wwi~ ™~ — - gﬂks7s454777~34
« e s e .

Y =~ — — 4 19 ﬂ‘—QZSa@q«JQQ-?«.JSﬂU’A
| - o™ 9 —

SO 78485513380‘.7-
N e o = - O} 7~223333]37-\-07.
~N®0wW—m 91782’757.5-;708
hd - "L"Z?—).—.l—.&a&AS?J

[7. 30 S I Lo B NI N I 3344047 w M
“CNN~NNMM MmN~ d S 0
— i~~~ o oo M= 0wWMNW — LD — NN
e e e s .. M
MM = - — 0y IO NDN WS T — )0
— .- n ~
OMMUOMON N ~W—-—WWWNN—& —
OW - — — =19 MO NNMOM S WS¢ O —
—_— w M
OO0~~~ OO — o=t -
OIS — o MLt NNNN <2 - M
VOVttt —~ 0O NMOMMOUWM < 0
— 00 = e e e e o~y NN TN
- o~ . (a2 ]
NNNOODMO - OO OU WD O W
w ™ - - - N NMANMNMNMONNON NN —
M~
IO~ —~<d MOWLEODS @O
—_—— - -~ 0} N = - = - N N~
OV~ ONG VO I®ODO®O — W
— —— —_ N - NN - NN
NWWOONO—~—U] OMONWL — (OGN TN DD
— — - —~ N~ NN N T I ®
. o -
~
LR - XY
MeEMOMOe M ~ RN -E-E N -E-E-R.- N
© —~ ~ eI GO MNMOMNBOMN&EINGMN
NN NN N MM — NI MMD <N W

5.8 4.5 11.8 7.9
D-14

4.2 5.7

2.5 2.4 2.8

709



(deg)

WIND DIRCTION STANOARD DEVIATION

BLM-4

10min Peariod

1Omin Ave

1/2hr Pariad

3min Ave

Imin Ave

Im__10m

Im

23

PR ) 31 22 23 A

b 2]

§/20.
1851

4000

6.9

Q_,L

Mu

3.5 25.4

29.3

25.8

5.4 3.8

2.1

2.5 12.0

< 0O M) —

D e~ = DO~ O3

~

—7.@253085
55344517-

Mgt 2S
[ S S A S
WM -y
MMWWWe OO
P e se e e o ae
28] —— = ) -—
o " Dm0 ¢ —-~
. . . e e
L " 0 ~ ™
ar ] w @ — w -
. . « o v s
[T TR —w -~
NOM~MN® -
N M~ —
" -
n o 0o~ ~
. . . e e e
M (1 0 T
- £ own~ o
< o~ — -
NOOo.NWMN®
N~ O~ tn ~
o~ [~ wmNnNom
o~ (o] o — -
W M <t OO
[N] — —_— -
~I~ 0O~
~ — —-m -
E-N-N-N-N.
OO MO M
VI — — NI

8436397‘@9@0487878540849'@]88#& r-

2292025A40326493232324433 =]
-t ™17 - —_
o — 0./qlo.5.bes7.3.b.uq¢Q.8 AU LR R [
127887334792444222222221! in
2~ wWwts :.4.7.mvmv7.7.7.4 Q.a‘e.nz.bﬁs.d w -t wn
© e e e s e a . . .
— = wnw- 344547.8.ba;1u1-1.2 1.4.4 111111 La )
DO WMo 8_/~:qaauz.xuﬂ.4 7.1.7.4 M- - -0 -9 ]
.|24g.l.||!|232.|'55220|.|rl IIII o4
M — A.UQVS.HQUL,O.I|-1.8_/|.7.4.5145.01: wn
—— N~ z.n.i.euq‘.a D P M Y P
< 00 % ¢ 3.b.|~:7‘1.0 A.n.nu1.4 e MOe o« wn
1.2880734...522557322222!3!| ~
38...2387220287773242979!01‘30
NN z.w <t NN~ ﬁ_l.é -— 7.3.3q4747~7.l_4q‘751.7.2
MNTVNODDNTD Q.Q.1-7.|.7.7.4.8 ™ w < W o -
—— !.b.n:«?.a_s . -t — Z_dq<o‘1.2 —_— - v
NSO MN< < S_4 mNOONOAUNSNONDEO®TW S w
l.z.(.b.a1a7~141.7.0 —P NN~ N~ — = - — - - ”
OM =~ N>~ — N W~ LTONO-DNDINN D — < O

—_—— NN N TPON— NN — - - m -

o8 -—
OO N~~~ NOMUND NN 2NN it
MO N e~ = Nt == NN — = — — — -—— ~
7.1u1.1.=.ﬂ.0 Q.mvl.c.|.7.n.4,l w = 1.7.1.Q.0 < ® Leg
]348'2‘.-!23‘2232 """ —_—— — -—
.

< & R~7.4.a3:=u7~=_4,qqu4.qu7 nmo o 4~/qgqu~s
"]272‘1 s'lll alZZ.l!lclcl —_— -—— -

430

.A*

2273

8

ﬂhﬂ,uﬂ‘ﬁkﬂaﬂs

S @I W

w
o~

o™~ — )t

Uy — o

—_— o ! —

N @

1.

S
.
=

Lt

1.3 2.1
1
2

1.5
Q

58]

S
2.3
4
4

~

3
8
.2
8

D-15




{deg)

WIND DIRCTION STANDARD DEVIATION

BLM-4

--10min Period-==m=-—======--=|

10min Ave 1/2hr Period

Imin Ave

imin Ave

2h

am _19m 1/

Im

23

%)

33

3!

%3

21

!

1.5

1.8

4

.

Time

2330

/22

2

1

2

30

.3

1

1.5

10@
130

4

7.3

2.0 3.1

1.6 2.7 3.5

O OWWMMIIIN D
I R SRR IT I WY, I NPT s
4RI~ DO QW
T L TR N Y S T PSP VA
(L oV B SR I s B~ Ao B s B~ T o 1o I o |
M0 N — o
— WO~ WOt gt D
] B o= o~ rm e e e e e
NMWOW®DE TN OMLW
SOOI NMNT —
N~ ®
N NN~y
NMEONWENMS O™
<+ OO WU W N
—N O N NS
MW —MMEAatNN — N
WML OOUN SN ~ M1
MM - NN — NN
4O MDT-NNO DO~
M~ -t = — — 0
—wWwr~~-~oNoNNN
NlLA ““““ ™~
NONWOOMKMD
N F o= — e e e e o e =
~ @O~ — <N~ — W0
N =N — = — —
DR
PMNOMOEMNMOMBING
(N < <t UNLW W™~

5.7 6.4

3.2

8.4 6.0 4.8

12.6 5.7 7.2
25.4 33.4 20.7

5.7 5.4 6.2

2.8

3.8

800

5.2, 3.6 5.8
10.9 8.8 7.7

4.8

4.6 6.4

19.7
13.7 14.3

839
300

(3

6.5

2 16.8

9.
5

16.4

8.8 4.9 8.3 27.9 6.4 9.8 .9
8.8 8.4 8.5 8.3 7.8
7.6 6

1

5.9 4.1 B.

330

3.0
7.4
3.7

8.3
4.5 5.0
3

5.2 8.1
&
-

4.4
4.5

2
.5

~4

3.5

4,7
2.6 3.2

4 7.1
t 2.3 5.5 3.5
1.5 2.1 2.2

2.

- tn o
185
™~~~ ™
W o ¢
D -
w ™M
@® — N
< -4 o3
- N M
mwM
068 —
Mo
- m ~
@ mvn
s
<t < M
@ oy
S w M
wmwm
me o~y
< M
o~ N
M ey -
™~ Mmoo
o~
~ N ™
o088
SR N
NN O

4

12.

5.8 8.8

3.4

2.7

20.5 2.7

13.8 2.0 2.0

5.5
4

cs

)
.5
!

(&)

3.

4

(g

~— = 1N W

< r4Cs

2.0
.5
6

o~y

4
.8
-

~

2.2

2.6

——— e— e =

w M~
b B o 0t |
w 1M
-+ 3
Mmoo —
-,
-_n e
4 — oy
—— =
[TV
~ w 0~
e M
~N ;o
M - —
Lt 2 o0 B oY
R
e S
M - m
N W o
N — -
@ < w
—_—— N
o~ ®
~N —~
< < M
N o~ -
[
SRR
~~ o

5.9
8.8
.6

H

2.8 8.

"y

1 3.3
S
S.9 6.3

1.6 2.4 4,

2.3

l

4.7 B

3.2

3.3

7.3 7.1

4.1
9.8

.6

o4

7.2 9.8

A

4

B T U —

19

6.5 8.8

4,3

4.8 8.7

!

14.
12.9 11}

.@
20.4

L]

-

4.7

5.3 3.9

2030

4.2 13,1

4.6 11.2

.

.4 2
.3

3.8

3.8

]

19.9 19.9 18.8
16,7 12.9 11

6.7 141
14

.7

8
6.7 13.4

.8
7
.7

2

4
]
4
2.

4.2 5.8

3.3 5.1

2130
2200

- 10.3

7.5
3

o om

w1l

3.5
3.8

4
8.9

4.3
4.1

.9
8.7 6.1

6.3 7.8
4 .4

3.9

4.3
§.7 2.8

LAk
4y M
o) 2

-1

T4

9.1

6.9 15.8

8.9 4.0

4

§/23

T~

16.4

9.8

D-16




(deg)

WIND DIRCTION STANDARD DEVIATION

8LM-4

|memmmesmecaneen [@min Period=--

Imin Ave 1@min Ave 1/2hr Period

1min Ave

guetosw —w-nemmnon
by . .
Jounm< e~ q_nuqlnbnu_: o1 -
—{ra - - —
% © o N - o - teeteMm—
. . .
1.<,4.?v7.wﬂb.o 4.b.: 4.3 — -
r N - e
.m_i.i < n_qunaﬁ/.:.l.a oM~
SMww NO N - e
Eld O NN - IO —in
e e i T Sl S Sl
SN OODE 0 -
X.aa_a 4N NDO ©
v e e e .
MO IO NHNHED o~
- ——— N -
7_munun4.b —_—tM ™~
e vmoOmnmoome o
©y o~ —
NN - — W NS OMoon
wed N - N 8_5 ® 19
3 — e~ NN —
TN QW®—~ o
[ D « e s e e .
#lrom -~~~ nm o
qUeos N ©
#iNMe— =01
o8 o~ — .
N WwWMMmg — 4.uu.7.4.3.0
MNM OO - 0w~ ©M~ W
o~ —
Nt o0 W
) . - . .
oo owe -
SN~ ~<in O
o3 v s e e = -
TN OO MNP N -t
— MMM N -~ NNWOM O —
R D A
e ww e M~

@S

o~

N — —
n o

<t ¢

of <t

o

v om
. e
tne o
La B
3559
o -
W~
™~ 0w
It~ 0w
~N O
98|2
2457
3935
5054
N < M
— 1~
"N — O ™
< 9 <
Qe M
< oMM

~N

~N
. .
w M

558587..@@8
07 —:13OJSAQ~38

MO NI~ — D
i~ w0~
zy:.d,O ® ¢t — ot
.u—::;z.1.1_3 < W
M—suo~w-~

[N

3222"23

WO NN
v e s s s e a4 e

2 M Noe N

45373253
54395464

< ¢t WM

. e e »
43303

0Pttt OO
CONUNM A MY NME —
MNMOOOIMNTING — N4
MU v~ = e o= — - ot N

tn

»
o
L]
wn

w

.

-
.
w

w

) MUME O -0 e4Ye 0wt

7.2 3.9 3.2

57~..__Js.|

aﬂkzassasesnt’enﬁi 8548745

4.8

3.8
.0

2.4
2.5
2.2 3.1

3.9 2.3

4.1
. 2.2

3
o~

1.4
.S

1.8 2.0 2.4 2.4 2.5
2.6 2.5 4.1

2.2 2.3 3.

1

5.1

3.5

(&

431

duz
-

.9

3
.«ug J»

8

[~
t~

5.5 7 7

3
8

3

2
3.3
8.6 3.4
3.6
3.¢ 8.7

8.8

4
.B
1

14,9 13.8
8.9

3.0
3.1
4.4
6.7
5.8 11.4

3
9
1
7.3
4.4

.....

Mot — N < 4 Q1 — 1
wt~ ey N =t O~ 1 mMm
(oo B ot BN < s I o inooowMmom
W D~ e Mt 2y
nm-—-wuw wm=trw s
Mt 22 — e N 0] e
W N W — oMt~ mwe~
— vy NN Mmuwes ey
wwn <« — M MmnNnwwo om
Lol S ¥ B o ] S~ wMOoOrce
—_— e — — N

MOV oI~ WNS Oy
MOt —NCY— WWM -
—_— 0N = e -~ — —_—
~wngo QU e — ~
ww o = mw -t mMmmny
0o 2TNM o tN W w
— 0w D MM NNN — M
—N- O OIS NN
0O m=OWOed — 0~ 2 0g oy
nmaommn W™~ =2
o~ g N — — ) e~ e— e e
ooOOmMme W <+ O oyww
MAEPNIAN— —~ — 8 — —

D-17



{dag)

WIND DIRCTION STANDARO DEVIATION

gLM-4

fommmmmmmmmcaem=={@min Perigde=m—=mm—————————!

1/2hr Period

1Omin Ave

Ave

3min

imin Ave

~p ey

tqawm
Lot B o]

Im
3
4

3! 22 23
.1 1

23
1.5 2.0
2

1.6 2.5

21
2.2

23

oy
410

S w

3 64 O

1
Z.

2.0
5

.6

|
2.5
2.4 2.8 2.2

1.7
2

2.9

3.6 2.1

o
(o8]
@]

[of ]
L]

.8

.3 2.9
3.8
4.1

!

2.3 2.5

[ ]

om

1.8 2.4

!

)

+ w
Ny <t

t
o

2.8

5.9 3.9 3.8 2.8
2.9
5.7

1.6 2.1

-t

€1

— e e e rm e e e amm -

w w N

W
L B

o~ wum
< 9 ¢

.
o4 0

1.7 3.0

- {0

8.4 3.0 3.3
3
1 8.8

4.2
8.9 11.

2.8
2.0 3.0

4.4 7.7 7.4

3.0 3.1
2

1.

6/25 .

5.0 6.8 3.4

‘2.5 3.2

5.9
7.0

5.6

o

3.2 4.7 5.4
.2 4

-
S

4.3 6.4 B.1
16.9 11.6 11,3

4.5 5.9 3.7
3.7 2.9 5.7

1.7

1.8

8.4
4,2 8.0

7.5 31.8
14,2 12.1

~

108

4,7 9.9 12.8
13.9 56.9
26.4 11.5

2

4.4

2.5 3.3

5.7 13.7 7.8

24.7
2

200
230

6.0 13.0 17.3

'3.3

.S,

1

8.0 4.3 4.9

3.5

.3
1.8 3.6 5.8

4

13.0 7.0 13.7

8.2 5.9 9.4

4.4 5.2

300
330

8.6 4.3 3.7

3.5 4.8 2.8

1.7

}

o7
1.4 3.8

1.8 2.5

.4

4,5 2.6 7.9

7.9

1.5 7.9

1
2.9

1.,

490

4.

1 S.6

4.

5.0 3.4 3.3

430

—~— w9
W
~caoWum
W — O um
1w M~
~~
Mo -
Ko<t < g
w s —
i wwm
W~ <t —
o N w
LAl N Vo )
DO
N e o
in o<
™~ W
¢ W
L0 2N ol o B3V
o W r g
N~
1w N -
Sne~oe
< M0
[t XSV IR S N
LA IV IR T B ¥}
S0
oMo M
W wwn

10

.7 5.2 6.8

-
b
2

8.7 3.3

8.4

.6 6.7 4.6 3.8
2.0 2.8 2.5 3.9

.7

3.7 2.6 1

700
730
809

4,0 ‘5.9 6.5

3.8 7.0 6.8 .

5.8

4.2

2.0

1

2.3 2.1

LA 0 2 0

.7

4.8 7.7
7

5.3 8.4 9.3 2.8
3.9 4.1t 8.1 2.2
8 .8 7.8 3.7 S.8

1.

3.9 7.3
2.6 2.8 5.5
8.0 3.7 5.0
4.7 4.8

3

1

!

1

1

!

2

!

1

1

4.

3.0 2.0 3.4
.2 1.8 2.6
2 2.6 3.2

2
S.

s3e
500
330

WO e UM~ Wiy s

Wt~ oww wo ow
N D - - — - — €4 - —

4.4
4.1
1.4
1.4
1.5
1.3
1.8
2.9
1.7

5.2
&
5
4
2
8
2
S
S

5
4
2.
-
'S

8
k|
S
4
!
.3
5
7
3
5

— e e e e e

4
2.

3.7
2.2
g

!

2
.Q
4

3

5

i)

— o e A% e — -

3
3.
1
]

-
|
5
!

.3
2
2
4
3
S

Lia]

€1

D-18




TR Alwﬂa‘_ ) WAASAAIY Y AV I AN DOODDSNNT DA SRR AP R TR R S

.........

.n_958|3.110259 198830927|328032005 TOW -0 -~ DN e 01 -t 13 =2
€ . . . LI T + x e . . . B .« -
RS Rl 2 T 00 B SV Y I SN T N o8 2311.2012:2222333344 Nt —~ oo omiIg S womww
- — -— €3¢ W W s —
;
N%TSE@JSSZQS@ 9588»423!40!14995722 IO — Nt Ot Q@ W O cdod
O — = =~ I~ — ] g .12...I2.7.1232222222234 MO WS — — [~ 0w [ B IRV I T3
a . - — M ——
hrum5a.-.b?.ﬁ.f.ﬁ./353 09899!0019292983500 Ot IO WM Dt N N~ W
MY * s » o o 2 » 4 s e o ® & & 2 & s e+ a4 % e . . = o P . s s ¢ = & s e
€ o e - " e — - 21...|..l2232!212222233 —HNM T~ S ~ — 1M m
N - [ o B O ] -—
Eldt NN ¢ ¢ 1N W—tn MWt <!ttt onoo oo WWWw—~dg e <N WM S 2o
-] . L SN P s e e e e e e e e e e e R LT . .
.m e e e e e e P v e e e e e e e e e e e en e e e Lo BN B R o ] — e = YNNIy < 0O —
s . .
~ AUV OEM — WUl M- —EMOLINUNENREN FMMORENDO OO OO S ~
- L A e e e . * e e e s e e e e e e . Pe e e e e e e e e e LU
- M#.IIIZZ!Z44|.2 N O~ - NN~ -~ NN NNNO MM —~— S NNWM O o O M~ wroo
”m Lot} — -
O < .
” c MW -~ DWW ®M- o O~ Q0 —~QWMNMLONDMIN G M Nt D OO QDO o0 W in
2‘-.ll||-|| - - * = *. s+ @ . e o = . ® s = 4 e . . * e e = 0=
< A e N e B - - (O — — - =M - NN - - NN - NN YN NI~~~ O — Mo LA B IR NI Lo B X
w nm CIrgt~ — —_——
% - MLt DWW~ Q10 WD OO 2O NLOT — ©OWMW— W~ W0 -S> —NODU MO MIN
- # - -~ WP =N~ NN NNN NN NN NY S g 0D — 4 19— O e o
Q - -— 0 — ny - — 4
b3 1
S Q
M 4 374444023051 ~ QO - - IO OONMO~NONND OUNWDDMMO~SIO O v oo~
..M. 00311122244312 Nt -0 N =~ = NN NN — My —O NI OWOWWOMm DW=~ e
-t 4~y —
L > L
W NA. NN~ O0WN MO o DNV WIOMNONOINONDLIND — NN ®—~ WO MM~ — 9 ® — (0~
(o * & @& & & v s 2 = L - » * e » s = » . - * & s+ s 2 s e e CIY -
— C e e = — e e - - — e N - NN~ NN NN~ MUV O— O WNMN 0N —
- [ ] . —_" -y
O - E .
o %3 mmMma e -~ 0o WWA- QNN MWON - ot O —~—MNOOWINFEENNONND — 0y
— ] L ] L N ) L T ) - « = 0 e & = - . * e e * + ¥ e .- .
(] - - - - - - N - O - - — e = BN e = N - N = NN NN 222332]55%8349222
] — N
Q 1
2
4
= t MTNONOY WD — O~ QN T WOt NODN0OD -~ — Mt OMN® -0
— 3 - . - . u LI ) - . -
1] Eid Radih il o B A B i s L e T T S ~N N —_—e— = N = N YD DO — - M
P2 NTZ
[ SN DO NWN— N W~ OWAL M~V WWS O~ WO WM DOV DDTUDO LT D —~ oS
- ﬂ/..—c-ctel.-lnc * e 0+ 2 w» & e 4 * » e s * o « * & = e .- = s - =
] C 8- — = o o — T o= = = e e e e - e e e e e e = - N o= e -~ ) —_—e e = N MM O~ - —
| e . o~ ——
| E
- TN N ¢ U < 0Oyt MEOONDMHIOUNSWW— QU — PN MO ~ DN WWWNOOMWNR — -~
1 -~ . . . . . . - . . e e e s
- Mo v e e e e e e e e e e e e e v o v o e e - NN IR — — = NN - = — MMM — —
~ [21) .
~ [ o~
1 DO OEMUMUMIN N OO OO ~
x MEeEMOeEMNEMN NV WOMNMOEMOEMNOENEMEMOESINGEMN&MNG W 09900 WERE G
J N~ oo e CfNNMIM A TN OO — ~N M EOEMOIMNMOEMOEMEONEGNEMNE
[ 2 W [untbanpuar S o CICd o e e - e e e e NN RN NN M~ —NMNMMM TN WWE N~




{deg)

WIND DIRCTION STANDARD CEVIATION

BLM-4

-

jemwmemeecosse—e10min Period

12min Ave

“hr Pariod

1/2

3min Ave

Imin Ave

&

/.

1Qm

)

Im

33

&1

23

3!

Tima

9.3
e.3
6.4
7.8
4.1

17.7
4

[ I R R
— < 010 oy
N ¢ O~ 10
- MO N
40O O WML
4 O — O -
Mt~
~—NwW—M
W—M©eWYow
oo Ne N
— o4

Ll oY SR e LN o B0 A BN AV - 4
~NWM — -t
M 2O WD ®
~wWWwMm g - M
NN W®
O NN —
4 MU WoM
W ed e o~ — rd
NEe ~~ & <~
I~ N - —
(ISR IR S ST
W= N - —
SO —©
WG e v e e e e

1

7.9

8.

4.8 5.7

1

3.

3.8

§.3 3.1

1
!

Lo ]

2.9 2.5 2.4
2.2

o~
[t ]

2.6
.3 2.8

4.
1

(]

— e e v e e = e -

— e

|
9
1
.8
2

‘s
'8

"y O —
(o2 00 N - §
wwme
w M
O o r:
T 0N
~ =
© W~
<t — <t
m - —
-— =t 10
S w ~N
= 4 <
« © ®
wn -~ g
o
< — t4
M w
Lot B oY I ot
(o B¢ g B X §
o —
™y v o=
MM
o6
e Mo
o oo

§.7 5.5 5.3

.4.86 3.3 4.5

2.3 .

—— e— e e o=

4,7 3.7
4
I
!

(o)

5.9
.6
2

pd

3
.G

2
3.2

N My

2.6 5.8
5
!
!
.4
o

1
!

Lag ]
LB oV I o8 B A0 BN oV ]
~

4
.8

.S

Mt ol o

(g1

o~

19

8.

2.2 7.8

1.8
S

§.5 5.9

.4

~y — =
w &
— 1y
w < W
—_ 4 —
[0 -]
w N
-— N My
Mmas
— M
< 1
Ty -
M N -
- Mo
S wm
— ) —
S —~
N - —
Lo il g
o3
o o o
o0
m oM
u w w

16.5 14.0 8.0

65/32

(A}

39}

o4

o4

o3

L

n

w3 -
[ ]
Ul 19

Lot B &N )

.
[ ]

3w

Lo IR ]

™~ 2

LAt IR o)

W

Laf ]

i)

2.5 6.4 11,0

.4 6.8

4.3 1y

.8

o~

1.8 3.4

.3

!

4

©ne

~

AR T L

D-20




AA LRI ’

h

M~ 4 wW-— 6t ) OO MOW O~ M

F =
Tl + o ¢ o o L L
NI NI - U - - eIt 1My
v .
o
.m%87332353| e e A ST I e B U I, B SNUE .~ T,
on..ll.3222.|224 L 0 B U R R s A u )
..nrn4550991n05 OO~ Mmwom
- - . . . L3 » - - - -
a/..i).»lleZZ.ﬁ TIWW I N — 01BN
El0 O ® ~ 0 ® w4~ LV BT B B T I )
R e e ovm oew e = e ne — e TR e e e e e e e -
o
3
~ TR Ut~ UUMMNOWOWMN -
= W322222!223 MO MNMNM0O — NP MO
o <
n ng428l.:4100 NN — 0 ® ™oy
[ . L T a s e . ¢ s e
L o .m#lllZ...ZZZA Nt W ¢ Y
-~
> [.~] .
.:U.. —_ @O MMMOMOEM D W —_— e OO -~
BN IO N — Iy MW — I~ NN N —~
jm } - . o
mnn K
Q . nw
M i 3797315588 OO~ WOWO —1
E 0 e m S NN S f e a - e
)] - .
L > X
z .Mﬁ O ¢ SN TOM Wy NWWMNOM— < U Uy
(a] 8 » ¢ ¢ o 4 4 e . . v e & 2 e v s s s s .
" CHl~ = - e - - (3} LM NN — NN MRy
— C N
(&) - E
a %43 I~ - W DNt D 0O NDWE WN MR
— -~ v . - - - - - . . . -
o — e — — M~ - =ty MO D — ~ - NN -y
Q
F4
-
3 DO =~ - < W TN NGS SO
™y « e .
1 = e e e - ™~N —~ 9 —_ NP = - o e o1 N -
S
< DN NS MO WUNMOD~ O 6
[ B . .
[ - - e 3 — - - - - NN —
Rl -
€
—_ 0 — ) D™~ un DO GO
- -4 — -— — -t ||77-lcl-|1|2.|alvl
- ()
1 MM NW UM~ N =N~
) >4 @t ~ NN~ MU eGT — o
e [RIRT) 7 I S -~ N I N TN S ~MMm e W,
M e e e e e 2R I o WX N @O — v e o — —




Lppendix f

LISTING OF DATA FILES

This listing of the data files used to process these data is

presented only for possible future reference. The listing shows
the following ' '

Tape-Track-File on original H?9825 cassettes
Date '

Start Time-End Time for the data collection period
Total Elapsed Time

Averaging Time for each wind average in the period
Number of wind averages in the period

A liné thfough a listing indicates that file was not used for

these data. The "S"s indicate the riles. . for which stationary
conditions existed. '
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